
■f2«CI *t25 




|2tfCI *9^5 





BOOKS BY DR. FISCHER 


PUBLl’sHRD HV 

JOHN WILEY & SONS, Inc. 


The Physiology of Alimentation. 

vni -f 34S pages r)i liy S 30 llgures Cloth 
$2 00 net. 

Fats and Fatty Degeneration. 

A Phvsieo-Chi'Uiical Studv of Kinul'noiis 
anil liie Normal and Abnormal Distribution 
of Fat in Protoplasm (Willi Dn Marian 
() Hookeu ) VI 1 1 -1 ir>r» pages 0 by d f>F> 
tigures Cloth $2 00 net 

Oedema and Nephritis. 

A Critical. Kxperimenlal and Clinical StmU 
of t ie Ptiysiology and Pathology of Water 
Abs'ridion in the Living Organism Third 
and Enlarged Edition xvi+ 022 pages (» by 0 
217 figures Cdolfi $10 00 net 

Soaps and Proteins. 

Their Colloid Chemistry in Theory and Prac- 
tice (With (luoRor, I) MrLAuaiu.iN and 
Dr Marian O Hooker.) ix + 272 pages 
C by 9. 114 figures Cloth, $1 00 net 

TRANSLATIONS 

Physical Chemistry in the Service of Medicine. 
S'Veii Addri'.ses by Dn W(>I.FG^N<^ Patii, 
Profi'ssor 111 thf' Hiolo|,ical ExperiuK i I 
Stalion in Vienna Aiillioti/ed Translalmn 
by Du Martin H FmeiiKH iv + ITdi jiage^ 
•'» by 7i Cloth $1 2.'» net 

An Introduction to Theoretical and Applied 
Colloid Chemistry. 

Five Lecture's by Du Woi.kgano Omtwvio, 
Professor in tiie Univer.'ulv of L in/ig 
Authorized Translation by Du Martin II 
Fmc'HKK xiv + 232 pages ' 0 by 9 4.'> figar. s 
$2 .'»0 net 



SOAPS AND PROTEINS 

THEIR COLLOID CHEMISTRY 
IN THEORY AND PRACTICE 


BY 

MARTIN II. EISCHER 

Doctor of Medicine 

Eichherg Profefi.Hor of Phi/;,tolofjii rn the JJniver.nty of Cincinnati 

WITH iHB, < oiJ.4non\Ti(»N of 

GE()R(;i<: I). MclAIICIILIN 

Formerly Hcbraich At-soetnir in Physiotoyy in tfn University <>f (hncinnati 

AND 

MARIAN O. IKK)KER 

Ihxiot of Medicine 

Formerly Instruclur in Physiology in the University of Cincinnao 


NEW YORK 

JOHN WILEY & SONS, Inc. 

London : CHAPMAN & HALL, Limited 
1921 



Copyright, 1921, 

RY 

MARTIN H. FISCHIOR 



TO 

H. C. M. 

IN \FFK(TION, Al)MIK\T[ON AVI) (iKATITUDE 



. thou thyself, a watery, jmlpy, 
slobbery freshman and new-cnmer in this 
Planet, saUest muling and puking in thy 
nurse's arms; sucking thy coral, and 
looking forth into the world in the blankest 
manner, what hadst thou been without 
thy blankets and bibs, and other nameless 
hulls? "—THOMAS CARLYLE. 



PREFACE 


The studies on soaps detailed in these pages were originally 
undertaken for the elucidation of various purely biological ques- 
tions. The proof that widely differing theoretical and practical 
problems associated with the maintenance of normal physiology 
m plants and animals or in the treatment of their diseases are 
esr^entially problems in colloid-chemistry (more particularly 
problems in the colloid-chemistry of the proteins) made more 
and more evident the necessity for a better understanding of the 
nature of various colloid-chemical changes themselves. The 
chemistry of the proteins as chains of widely differing amino- 
acids presented, however, such an infinity of possible variables 
that every direct attempt to analyze their colloid-chemical 
behavior was beset with difficulty. For this reason we turned 
to the soaps, for these substances not only contain a more con- 
trollable number of purely chemical variables, but their colloid- 
chemical behavior is much like that of the proteins. From the 
surer ground of the soaps jt was then possible to step over into 
the more slippery one of the proteins. What are some of the 
bearings of our various conclusions upon the biological behavior 
of living cells under normal and abnormal circumstances is detailed 
in the pages that follow. 

The reason why this volume is written as it is, is largely the 
fruit of circumstance. While my first interests are biological 
and medical, it happens that generous friends have often asked 
me to present the work contained in this and some other of my 
books before their societies devoted to various branches of pure 
and applied chemistry. Due to such encouragement I have set 
down in this volume the substance of what was said to them and 
in which they saw relations to their own fields of endeavor. 

Among the scientific journals to which this work was first 
submitted only Science and The Chemical Engineer could find ' 
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space for some of its fragments. In order that the whole might 
be presented in sequential form it was therefore necessary to write 
a book. 

I am greatly indebted to Doris Wulff for her attention to 
the manuscript; to Joseph B. Homan for his pen and ink draw- 
ings; to Josef Kupka for his photographs and tireless devotion 
to the business of the day. 

Martin H. Fischer. 

Eichbero Laboratory of Physiology, 

University op Cinitnnati, 

November 24 , 1920. 
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SOAPS AND PROTEINS 

I'ART ^)NE 

THE COLLOID-CHEMISTRY OF SOAPS 

I 

SOAP MAKING 
1. Introduction 

If there are included in the definition of soap all those com- 
pounds which are formed when a metallic base (including ammo- 
nium) is united with a fatty acid radical, any effort to emphasize 
their wide importance is largely superfluous. Not only do various 
soaps appear, change and then disappear in hving animal and 
plant cells under various circumstances, not only do they con- 
stitute, from both a qualitative and a quantitative viewpoint, 
one of the chief interests theoretical and practical chemists, 
but their existence, availability and properties have much to do 
with the very esthetics of our existence, from clean clothes to the 
fine arts. 

The making of soap — even when carried out in ton lots by 
the modern manufacturer — does not in our day differ materially 
from the methods employed by the pristine housewife. “ Fats ” 
and “ oils ” are still stirred or boiled in a kettle with a caustic 
alkali of some sort. The modern concept of what happens under 
such circumstances may be said to date from Chevreul, who in 
1815 showed that “ fats ” and “ oils,” whether of plant or ani- 
mal origin, are compounds of fatty acid with alcohol, usually the 
triatomic alcohol, glycerin. When such compounds (esters, in 
other words) are treated with an alkali, double decomposition 
ensues, the metallic radical uniting with the fatty acids contained 
3 
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in the fat or oil to form the corresponding soaps, while alcohol 
(glycerin) is split off. Expressed graphically and for a single 
fat 


yO-CagHasO 

C3H/0(^isHa50+8Na0H = 3Na0-C,.sH3.5()+(;sH,(0H)3. 

()• C '18H3.';() 

CJlyceiyl stfarate audium - uitdiuiii ateaiale + ulycprin 

liyilroxid 


It is important for our purposes to note, first, the variables 
contained in thfi elements constituting the reaction mixture. 

There is (1) the fat. While all the fats are esters, they run 
the gamut IfTmere physical attributes from the extreme, on the 
one hand, of liquids not unlike water, through viscid oils, to the 
(‘xtreme, on the other hand, of solids like “ wax(‘s,” which can 
hardly be broken with a hammer. But, from a (‘luanical point 
of view, it is obvious that these may also differ widely from each 
other both as to (a) kind of fatty acid found in tin; (;ster, and 
(6) kind of alcohol united to the fatty a(*id. Even without 
embracing tlu; theor(‘tical extremes w(^ find at the oiu^ end fatty 
acids with, say, six carbon atoms in the molocul(5, while at the 
other may be those with two dozen. The alcohol found in the 
fat is usually glycerin, but diatomic or monatomic alcohols may 
tak(‘ its place. 

A second variables concerns (2) the hydroxifl (un ploy ed. Since 
the commoner soaps of commerce ar(‘ sodium soaps, sodium 
hydroxid is the alkali ordinarily employiul. In “ soft ” soap 
manufacture potassium hydroxid is used, for the soft soaps are 
potassium soaps. Directtly or indiri'ctly, however, other hydroxids 
or bases are of much scientific or technologic, importance. Sodium, 
potassium and ammonium are of significance when ordinary 
washing ” soaps are under consideration, but t.he wide distri- 
bution of magnesium and calcium (Himpounds in various “ waters ” 
makes necessary a knowledge of the properties of the soaps of 
these metals when “ hard ” waters are us(d. The importance 
of the heavy metals, like zinc and lead, becomes apparent when 
it is recalled that zinc stearate i s us ed ^ a dusting powder in 
skin affections ancTtliat the plastic properties of lead plasters' 
and of various paints is dependent upon lead soaps founil or 
formed in these mixtur^ ‘ 
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Another variable is represented by ® the water. It must 
be constantly borne iii mind that soap manufacture is carried out 
in the presence of relatively little water. As ordinarily expressed, 
soap making proceeds in a highly concentrated reaction mixture. 
Not without its important influence is the presence of (4) the alco- 
hol (glycerin) split off in the process of manufacture. A final 
variable that must be considered in the ordinary process of soap 
manufacture is (5 ) t he ^nipcratuiM'. Many soaps can be made, 
and are made, at ordinary temperatures or by the “ cold ” proc- 
ess; more commonly, however, they are “ boiled.” 

The so-called Twitchell process of soap manufacture differs 
from the above only in the fact that instead of the neutral fats 
(in other words, glycerids or esters) the free fatty acids are used. 
In this process the original fat is first broken into fatty acids and 
glycerin, and the separated fatty acids are brought by themselves 
into the soap kettle. To them is then added an appropriate 
hydroxid, and the soap is made. Fundamentally, however, the 
variables in the reaction mixture are, from both a chemical and a 
physical standpoint, essentially those already fisted, except that 
glycerin is missing. 

The conversion of a neutral fat (or of a fatty acid) into soap 
requires time. However, if the reaction has been carried to com- 
pletion, and if no excess of any of the ingredients has been 
employed, it is obvious that the final mixture in the soap kettle 
must consist of (1) water, (2) alcohol (glycerin) and (3) soap. 
The soap must be examined tu) from the point of view of the fatty 
acids which it contains, and (b) from that of the basic radical or 
radicals which it may hold. This fundamental process of soap 
manufacture is complicated, however, by a procedure which 
introduces a new variable into the general problem and which, 
in consequence, requires special analysis. This is (4) the “ salting- 
out ” process. In the manufacture of the ordinary washing 
soaps, for example, the fat with its added alkali or the fatty acid 
with its requisite; alkali is boiled until soap formation is assumed 
to be complete. There is then added either (a) a great surplus of 
the alkali (like sodium Tij^oxid) or more commonly (b) a neutral 
salt*. Usually sodium chlorid is slioveleJ into the soap kettle, 
-'i’l^^enerally expressed, the excess of alkali or the presence of the 
sodium chlorid makes the soap “ insoluble ” in the “ lye,” where- 
fore it “ grains ” and floats to the top of the boiling soap mixture. 
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In commercial soap manufacture , this surface layer of soap (bring- 
ing with it a certain amount of water, of excess alkali or salt, and 
some glycerin if the Twitchell process is not the one employed) 
is separated from its lye, is permitted to cool and after more or 
less handling is made into “ cakes for trade purposes. 

2. Soap Making as a Colloid-Chemical Problem. The Fatty 
Acids of the Technical and Theoretical Chemists 

Until the eighties of the last century, soap itself and the proc- 
esses of its manufacture were looked at from a purely chemical ” 
point of view. The soaps were, in other words, regarded as ordi- 
nary salts which were either “ soluble ” or “ insoluble ” in 
water or other solvents. When soluble, the resulting soap 
“ solutions ” were generally regarded as obeying the laws char- 
acteristic of the ordinary solutions. In 1888 Franz Hofmeister ^ 
chose the soaps in general and sodium oleate in particular as 
materials of “ (jolloid ” nature and as fit substances upon which 
to test out the dehydrating effects of various salts. The notion 
that soaps were “ normal electrolyt(‘S,” that solutions of soap 
follow the laws of osmotic pressure and in other ways ciomported 
themselves as true solutions continued, how('ver, into the nineties, 
when F. Krafft ^ and his co-workers pointed out that the more 
concentrated solutions of soap did not show the calculated depres- 
sions of the freezing point or elevations of the boiling point of 
true solutions. Krafft and his fellow work(Ts therefore declared 
these more concentrated soap solutions “ colloid.” Further 
impetus to the development of this colloid-chemical notion of the 
soaps was given by F. Goldschmidt and his pupils,'^ while various 
articles subsequently written by J. Leimdorfer,^ F. Botazzi, 
C. ViCTOROW ^ and W. Bachmann ^ may be said to have 
established with finality that the soaps, in the concentrated form 

' * Franz Hofmeister; Arch f. exp. Path u Pharm , 26, 6 (1888). 
sF Krafft and H, Wigix)w: Ber d deut ohem Gesellsch., 28, 2573 
(1896) 

*F Goldschmidt: Kolloid-Zeitachr , 2, 193, 227 (1908); F Gold- 
schmidt and L Weissmann: Kolloid-Zeitschr , 12, 18 (1913) 

< J. Leimdorfer: Kolloidchem Beiheftc, 2, 343 (1911) 

® F Botazzi and C Victorow: Kolloid-Zeitschr , 8, 220 (1911), acceWble 
only as review. 

® W. Bachmann: Kolloid-Zeitschr., 11, 145 (1912). 
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in which they are encountered in the ordinary processes of the 
soap manufacturer, represent typical coUoid-chemical systems. 

The relationship between the older physico-chemical views, 
which proved that soaps under certain circumstances act as 
‘‘ normal electrolytes,” and the insistence of later observers that 
they are colloids will become clearer as we proceed. Since the 
“ soaps ” ordinarily discussed are mixed soaps, and since the 
properties of such mixed systems are in themselves dependent 
upon the natui’e of the soaps entering into these mixed systems, 
it is best to begin by an investigation of the physico-chemical 
properties of the pure soaps themselves. 

It is well, for this purpose, to list the fatty acids of the tech- 
nical and theoretical chemists. This is done in the following 
table which is taken from J. Lewkowitsch.^ Those fatty acids 
of the various categories which receive special study in the suc- 
ceeding pages are printed in bold face. 


TABLE I 


I. Acids of the Series C'nHanOa Acids of the Acetic Series 


Acetic acid 

CjHiOi 

Margaric acid 

CitHmOi 

Butyric acid 

CJIsO* 

Stearic acid . . 

CiiH«0» 

Valeric acid 

. CiHioOa 

Arachidic acid 

CiaH«cOt 

Caproic acid 

CtBuih 

Behenic and . . . 

. . C«H«0. 

Caprylic acid 

ChIIuOi 

Lignocnic and .. . . 

. . .. C*H«Oi 

Capric acid 

CioIIznOj 

Carnaubic acid 

... . C5«H4.0i 

Laurie acid 


Piaangocrylic acid 

... C*4H„0, 

Ficocerylic acid 


Cerotic acid 

■ CieHwOi 

Myristic acid 

CuHzgO, 

Montanio arid . 

. CtiHwOt 

Uocetic ar’id 

{’uHjoOj 

Meliaaic acid. 

CkHwOi 

Palmitic acid 

Ci«HnO, 

Payllostearylic acid 

CuHmOs 

11 Acids of the 

Series C^Hin- 

jOi Acids of the Acrylic or 


Oleic Series 


Tiglic acid 

CgHgOi 

Rapic acid . 

CtsHuOt 

Not named 


Petroflelinic acid 

. . . CitHnOt 

Not named 

CuHsgO* 

Chnranthic acid 

. . CiiHmOs 

Hypogaeic and 

CiellaoOi 

Liver oleic aud 

ClwHNOt 

Phyaetoleic and 

CieUsoO* 

Doeglic acid . ... 

(JhiHwOs 

Palmilolcic and 

CiaUjttOi 

Jocolnc acid (inferred) 

. €iiHmO, 

Lycopodic and 

CuHgoOa 

Cladolcic acid 

. CtoHiiO] 

Oleic .acid 

CntHaiOa 

Erucic acid 

CnH«0, 

Blaldic acid 

CiaHjgOs 

Braaaidic acid . . 

. . CaHisOs 

' leodieic acid 

CiaH»Oa 

laocruoio acid 

. . CnHuOs 


^ J, Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 1, 111, London 
(1913). 



8 


SOAPS AND PROTEINS 


Linolic acid 

Millft oil acid 
Telfainc acid 


III Acids of the Series CrtHjn-iOj 
(a) Open Chain Acids 

(<*> Aridu of tht Lt nolle Series 

CuHmOj El*eomargaric (Elteoatearic) 

CuHj?0* acid , ... CiiHwOj 

CiRlIaaOs 


Tariric acid 


(P) Arifh of the Tttrinc Series 
CmHmOj 


{h) Cyclic Acids Acids of the Chaulmoogric Series 

Hydnoearpic a^id C!i«H2802 Chaulmoogric acid CiiHnOt 


IV Acids of the Series C„H2n-«02 Acids of the Ltnolenic Series 


Linolonic acid 
iBolinolenic acid 

ClsH.nOj 

CimBoOi 

.lecoric acid (inferred) 

CnHioOj 

V Acids of the Series (^, 

Hin— 8()2 

Acids ok the CLirpANODONic' 

Series 

Isanic acid 

Therapic acid (inferred) 

CuIljdOi 

C./lljeOi 

('’lupanodoiiie acid 

Arachidoiiic acid 

CisHjbO, 

('loHijOj 


VI Acids of the Series (’nllanOa Hyduoxylated Ai’ids 

Sabime, acid CizHiiOa No1 named CtillMOa 

Jiinipcnc acid f^ivUsiOa Coccenc acid C«iHejO| 

Lanopalmic acid CioHijOi 


VII Acids of the Serie's CnH2n— 2O3 j^cids of the JticiNOLBic Series 

Ricinolcic acid CmllaaO* Ricinic acid CmHmOi 

iBoncmoIcic acid CmHwO# Quince oil acid CuHiiOi 

Ricinelaldic acid OihHwOj 

VIIL Acids of the Series C„H2n04. Dihydroxylated Acids 

Diliydroxystt’anc acid CikHmOi Lanocenc acid CinHaoOn 


IX Acids of the Series C„H2rt-:04 Dibasic Acids 

Heptadecamothylciiedicarboxylic Oclodccaniethylcnedicarboxylic 

aotl CuIUsOi acid CjoHiiOi 

Japanic acid. . C 11 H 40 O 4 

With l,hcso remarks, we shall proceed at once to a study of the* 
water-holding power of various pure soaps. 
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II . 

THE SYSTEM SOAP/WATER 
1. Introduction 

In the course of our work on the stabilization of emulsions ^ 
(in which we showed that the maijitenaiK o of a water-in-oil type 
of emulsion is dependent, in the main, upon the substitution of a 
colloid hydrate for the pure water) we were struck by the fact 
that no detailed figures are available which discuss in any syste- 
matic fashion the absolute hydration or gt^lation capacities of 
various j^ure soaps. I^Ven though many studies ^ on the chem- 
istry of soaps and tlunr g(»neral colloid behavior are available, 
and even though w(^ possc^ss much empiric knowledge regarding 
the water content of various commercial soaps, these investiga- 
tions deal, for the most. i)art, with mixed soaps, with soaps pre- 
pared in alcoholic solution or with such as have been “ salted- 
out.” But, as will be stiown in this and subsequent sections, all 
t fiose circumstances may materially modify the water-holding 
powers uf the involved pun! soaf)s, so that we found it necessary 
for our owTi purpos(!S to pnqmn! pure soaps with such factors elimi- 
nated. Since thi! values which we have obtained are not only of 
direct chemical and tecihnological interest, but form the basis for 
theoretical views covering the nature of the lyophilic colloid state 
and the beha\ior of living eft-ganisms which are composed of such 
materials,^ we give below our detailed findings. First to be dis- 
cussed is the system composed of pure soap plus water. 

‘ Matitin H Iircheu and Marian O. Hooker: Science, 43, 468 (1916); 
Kolloid-Zeitschr., 18, 129 (1916); ibid, 18, 242 (1916); Fata and Fatty 
Degeneration, 29, New York (1917). 

2 Sec for example F Hofmeister: Arch. f. exp Path. u. Pharm , 26, 6 
(1888); F. Krafft and II Wiglow: Bor. d. deut chem. Gesellsch., 28, 2573 
(1895); F. Merkeen: fitude sur la constitution des savons du corfimerce, 
Marseilles (1906); F Goldschmidt: Kolloid-Zeitschr, 2, 193, 227 (1908); 
J. LeimdOrfer: Kolloid-chem. Beiheftc, 2, 343 (1911); F. Botazzi and 
C. VicxoRow: Kolloid-Zeitschr , 8, 220 (1911), accessible only as review; 
W. Bachmann: Kolloid-Zeitschr., 11, 145 (1912); F. Goldschmidt and 
L. Weissmann: Kolloid-Zeitschr., 12, 18 (1913); J. Lewkowitsch: Oils, 
Fats and Waxes, 5th Ed., 8, 299, London (1915) 

*See page 64; also Martin H. Fischer and Marian O. Hooker: 
Science, 48, 143 (1918); Martin H. Fischer: CEdema and Nephritis, 3rd 
Ed., New York (1920) 
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2. Preparation and Gelation Capacities of Some Pure Soaps 
with Water 

IlnlesB otherwise noted, we prepared all our soaps in exactly 
the same way, namely, by neutrahzing a definite weight (one 
mol) of the pure fatty acid with a chemically equivalent amount 
of the hydroxid, oxid or carbonate of the necessary metal in a 
unit volume (one liter) of water, keeping the whole mixture at 
the temperature of a boiling water bath until union between the 
acid and base had been accomplished. Care was taken to prevent 
or to make good any loss of water from the reaction mixture 
while in the bath. Under these circumstances we are dealing in 
the end, of course, only with a unit weight of some pure soap in 
the presence of a unit weight of water. This detail regarding 
the histories of their preparation is of little interest from a 
“ chemical ” point of view, but, since the soaps are “ colloid,” 
it is of vital importance from a physical one and, therefore, in the 
elucidation of the final result obtained. After we had prepared 
our soaps, the reaction mixtures were cooled to 18° C. and the 
yields of soap weighed. When the entire mixture became gelatin- 
ous or solid we considered that all the water had been “ absorbed ” 
by the soap.^ When “ free ” water began to appear above the 
soap, the weight of the theoretical yield of “ dry ” soap was sub- 
tracted from the weight of the soap as produced, the difference 
being expressed as percent of water “ absorbed ” by the soap in 
terms of the weight of the theoretical “ dry ” yield. 

a. Soaps with Different Basic Radicals. We began our experi- 
ments by preparing a series of linolates. The exact experimental 
methods followed and the results obtained may be deduced from 
Table II. The striking differences in the absolute amounts of 
water taken up by these different soaps is readily apparent to the 
naked eye. To illustrate the matter P"ig. 1 is introduced. 

The different water-holding capacities of a series of oleates and 
stearates is shown in Tables III and IV and Figs. 2 and 3. The 
experimental procedure in their production was the one described 
above. A comparison of these figures and findings with those 
obtained in the linolate series is of interest because the three fatty 

^ This is really not the case, for what we actually determined was the 
gelation point. How this differs from the hydration (or solvation) point will 
become clear later. See page 74 
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acids are all eighteen carbon atom acids, but are of three different 
series, varying in their degrees of hydrogenation as is shown in 
the following empiric formulae: 

Linolic acid C17H31COOH 

Oleic acid CnHsjCOOH 

Stearic acid C^tHssCOOH 
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In Tables V and VI and Figs. 4 and 5 are shown the gelation 
capacities of a series of palmitates and a series of laurates. 


These five sets of experiments show that faciar in. the 

amount of water held by different soaps is resident in the rwiure of 



the metallic radical combined with the fatty add. If the radical 
mosr effective in this regard is given first, the sequence is about 
as follows: 

NHi, K, Na, li, Mg, Ca, Hg, Pb, Ba (?) 
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IS 

As reference to the original experiments in the tables shows, it is 
especially the last mentioned members in the series which are 
likely to be transposed. 



h. Soaps with Different Add Radicals, We turned next to the 
question of water absorption by soaps possessed of a common 
base and prepared under identical conditions but containing differ- 
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ent fatty acid radicals. The re- 
sults in the case of the sodium 
salts of the acetic acid series are 
shown in Fig. 6. All the soaps 
were so made that in the end one 
mol of the soap was produced 
in the presence of one liter of 
.water. 

As Fig. 6 shows (the formate 
and acetate have been omitted) 
the lowermost members of tliis 
series yield only molecular (‘‘true”) 
solutions under these experiment- 
al conditions. The solutions of 
sodium caprylate and caprate, 
as here prepared, show decidedly 
lasting foams, indicating that they 
are approaching colloid proper- 
ties. Beginning with sodium 
laurate, all the nmiaining soaps 
yield sohd white gels. 

The same general truths are 
shown for the potassium salts of 
the acetic acid series in Fig. 7. 
Here again the lower members 
yield 6nly “ true ” solutions, the 
middle ones liquid colloids, the 
upper ones solid gels. 

These two groups of experi- 
ments show that under otherwise 
fixed conditions the water-absorbing 
p&wW^Of any soap depends npon 
the ndlnfe of the fatty acid in the 
sowp^jncreasing with its height in g, 
givenjEiies. 

To get a more accurate meas- 
ure of the amounts of water that 
can thus be held by a series of dif- 
ferent sodium soaps we made the 
following experiment. 
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Molar equivalents 
of several different 
sodium soaps of the 
acetic acid series were 
prepared as described 
above, but in the 
presence of gradually 
increasing amounts of 
water. Water was 
added until, upon cool- 
ing the soap mixture 
to 18° C., a solid gel, 
or one not showing 
'' syneresis,” was no 
longer obtained. 
Stated conversely, it 
was presumed that 
the limits for water 
absorption had been 
exceeded as soon as 
we obtained only a 
“ solution ” of the 
giyen soap or one 
whirii showed free 
liquid at the temperar 
ture chosen (18° C.). 

Tl)o results of an 
actual experiment are 
portrayed in Fig. 8. 
The lowermost mem- 
bers of the sodium 
salts of the acetic 
acid series take up 
no water at all; they 
yield only “ true ” 
solutions. Sodium 
caproate forms a true 
solution in very little 
water, but when this 
is slowly evaporated 























PlQTJBE 7. 
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Figure 8. 
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one does not always get a crystalline product. Th» remdu® 
is frequently shellac-like. Sodium caproatp may therefore 
be taken as ,the first soap in the series to show any water- 
holding power. Sodium caprylate easily yields , true solutions, 
but if the amount of water is chosen correctly a beautiful 
gel results at 18° C. The amount of water for one mol 



of the soap must not exceed 200 cc. The matter is illus- 
trated in the left hand bottle of Fig, 8. Sodium capratc still 
yields a solid gel if 500 cc. of water are present to the mol of soap. 
This is shown in the second bottle of Fig. 8. As we mount in the 
acid series, the water-holding capacity grows tremendously. One 
mol of sodium laurate will hold 4 liters of water; the same amount 
of sodium myristate, 12 liters; of sodium palmitate, 20 liters; of 
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sodium margarate, 24 liters; of sodium 
stearate, 27 liters and of sodium arachi- 
date, the enormous value of 37 liters. 
These facts are illustrated in the remain- 
ing bottles of Fig. 8 and, in graphic 
form, in Fig. 9. 

Sodium margarate, holding its 24 
liters pf water to the mol of soap, assumes 
its rightful place in the acetic series as 
indicated in the broken line column of 
Fig. 9, but, since it does not seem to be 
settled as yet that margaric acid is 
more than a “ eutectic ” mixture of 
pahnitic and stearic acids, this point 
should not be too heavily stressed. The 
soap of pelargonic; acid (Cg) we have 
not yet been able to study. Both the 
sodium and potassium salts of cerotic 
acid (C 27 ) are so slightly hydratable 
® (even after subjection to high tempera- 
tures and increased atmospheric pressure) 
that this a(;id does not fit into the smooth 
series of the soaps already described. 
Excepting these three acids, it will be 
noted thercifore that all the water-holding 
soaps are ot* acids with an even number 
of carbon atoms in the empiric formula, 
a fact which may not be without signifi- 
tcance in deciding which of the acids of 
the empiric formula CnH 2 B+iCOOH be- 
long in a true series. 

In the experiment just described, 
the water-holding power per gram-mole- 
cule of soap was determined. In order 
to get this value for equivalent weights 
of the different soaps, the series of 
experiments illustrated in Fig. 10 was 
performed. In this instance, water was 
added to one gram of each of the care- 
fully dried sodium soaps until, after 
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solution in a hot water bath, a dry gel was no longer obtained 
on reducing the temperature of the mixture to 18° C. It is 
again evident that only liquid mixtures (true solutions) are 
obtained upon the addition of even trifling amounts of water to 



Figure 11. 


the lowermost members. The actual amounts of water taken up 
by the higher members per gram of soap are shown in Table 
VII and, graphically, in Fig. 11. 

The water-holding capacities of three sodium soaps of the oleic 
series (oleate, elaidate and erucate) and that of sodium linolate 
are shown in Fig. 12 and Tables VIII and IX. These two tables 
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show that, in the oleic series also, the soap of the higher fatty 
acid has a greater absolute gelation capacity than a lower one. 

Because linolic, oleic and stearic acids differ from each other 
only in the degree of their hydrogenation it is of interest to com- 
pare the gelation capacities of their three sodium soaps. The 
amount of water in cc. held per gram of dry soap is as follows: 


Linolic (CnHaiCOOH) 3 31 

Oleic (CuHsaCOOH) 3 28 

Stearic (CnllsfiCOOH) 88 00 



Figure 12. 


When comparison is made of the amount of water in cc. held 
per mol of dry soap, the values are as follows: 


Linolic (CnHsiCOOH) ... 1,000 

Oleic (OnHasCOOH) .. .. 1,000 

Stearic (C17H35COOH) 20,928 


Or, expressed as percent of soap required to yield the described 
colloid systems: 


Linolic 23 20 percent 

Oleic . ... 23 31 percent 

Stearic 1 12 percent 


c. The Effects of Water Concentration. The physical state of a 
soap/water system has in the above paragraphs been shown to 
be dependent upon (a) the type of base, and (6) the type of fatty 
acid in the soap. We wish now to emphasize the fact that a third 
element in the matter is (c) the concentration of the water. This 
item, which will be considered in greater detail later because 
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of its importance for the general theory 
of the colloid state/ is illustrated for 
a number of the sodium and potas- 
sium soaps of the fatty acids of the 
acetic series in Fig. 13. Each pair of 
tubes contains 10 cc. of a half molar 
“ solution ” of the sodium or potassium 
salt of propionic, butyric;, valeric, cap- 
roic, caprylic,*J capric, lauric, myristic, 
palmitic, margaric or stearic acid. It 
will be observed that the first six pairs 
of tubes from the left all contain mobile, 
clear liquids — in other words, liquids 
that look like true solutions. In the 
seventh pair (lauratcs) the sodium salt 
lies as a colloid mass in a solution of 
sodium laarate while the {X)tassium 
salt yields only a solution. In the 
eighth pair (myristates) the sodium 
salt yields a solid white gel while the 
potassium salt still yields in part a 
“ true ” solution with a colloid mass 
lying 10 the bottopi. Beginning with 
the p'lLnitate pair and through the 
margarate and stearate, only solid white 
gels are obtained. This «xperiment 
suffices to show that a colUnd soap 
system may he obtained mth water only 
when the concentration of the water is 
kept suffiaentty low and that when 
equivalent concentrations are compared 
a sodium soap becomes colloid sooner 
than a corresponding potassium soap. 
As we shall see later, this is because 
potassium soaps are more soluble in 
water and tend in consequence to yield 
molecular (true) solutions over higher 
ranges of soap concentration than the 
sodium soaps. 

^ See page 69. 



Figube 13. 
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TABLE 11 

Gelation Capacities of Diffekent Linolates with Water 


Soap 

How prepared 

Thooret. 
weight of 
dry soap 
(in w 
expressed 
in 

grams) 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared 

Absolute 

amount 

of 

gelation 

water 

Percent 

of 

gelation 

water 

at 

18“ C 

Physical 

state 

at 

18° C 

Animonuim 

liDolate 

Warm normal atniiionium 
hydroxjd solution poured 
into warm linolic acid 

297 

1297 

1000 

336 

Highly vis- 
cid, slight 
ly cloudy, 
yellow 
liquid 

Potassium 

linolate 

Hot normal potassium 
hydroxid solution poured 
into hot linolie acid 

318 

1318 

1000 

314 

Highly vis- 
cid, opal- 
escent, 
yellow 
liquid 

Sodium lino- 
late 

Hot normal sodium hy- 
druxid solution poured 
into hot linolic acid 

302 

1302 

1000 

331 

Highly vis- 
cid, slight- 
ly cloudy, 
yellow 
liquid 

MaKnesiuiii 

linolate 

Magnesium oxid stiiied 
into hot linolir aeid and 
hot water added 

291 

390 

108 

37 

Yellow 

sticky 

mass 

Calcium lin- 
olato 

Dry calcium hvdroxid 
stirred into hot linolic 
acid and hot water added 

209 

104 

i 

105 

35 

White 

flakes 

Barium lino- 
late 

Dry barium hydroxid 
stirred into hot linolic 
acid and hot water added 

348 

380 

32 

0 

Dry flakes 

Lead linolate 

Litharge stirred into hot 
linolic acid and hot wa- 
ter added 

382 

38? . 

3820* 

(') 

Sticky vel- 
low mass 


* This observation is subject to question because of the possible oxidation of th« fatty 
acid 
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TABLE in 

Gelation Capacities op Different Oleates with Water 


8oap 

How prepared 

Theoret 
weight of 
dry soap 
(ill w 
expressed 

gtams) 

Ob- 
served 
weight of 
soap 

pre- 
pai (‘d 

Absolute 

amount 

of 

gelation 

water 

Pereent 

of 

gelation 

water 

at 

18° C 

Physical 

state 

at 

18® C 

Ammonium 

oloafc 

Warm ivormal ammonium 
hydroxid stiried into 
warm oleic acid 

299 

129t» 

1000 

Over 

334 4 

Clear, solid 
gel 

Potasaium 

oloato 

Hot normal potassium hy- 
dioxid stirred into hot 
oleic acid 

:t29 

1320 

lOtH) 

(J*ver 

312 5 

Clear, semi- 
liquid gel 

Sodium olo- 

Hot iioimal sodium hy 
droxid stirred into hot 
oleic acid 

304 

1304 

1000 

(.)vei 

328 9 

Clear, solid 
gel 

Lithium olo- 
ato 

Lithium carbonate stiiied 
into hot olcu' acid and 
hot water added 

28S 

1288 

10(H) 

Over 

347 2 

White, solid 
gel 

MagiiCBiu m 
oleate 

Magnesium oxid stirred 
into hot olei< acid and 
hot watci addl'd 

293 

510 

217 

1 

74 0 

White plas- 
tic mass 
in “free” 
water 

Cal 1 m 

oleate 

Calcium hydroxid stirred 
into hot oleic acid and 
hot water added 

• 

301 

380 

79 

20 2 

White plas- 
tic mass 
in "free” 
water 

Barium 

oleate 

Hot normal barium hy- 
droxid stirred into hot 
oleic acid 

350 

300 

10 

2 9 

Y ello wish 
plastic 
mass in 

“ free” 

■water 

Lead oleate 

Lead oxid stirred into hot 
oleic acid and hut water 
added 

384 

425 

41 

10 7 

Y ellowish 
plastic 
mass in 

“ fi ee” 
water 

Mercury ole- 
ate 

Yellow mercuric oxid stir- 
red into hot oleic acid 
and hot water added 

381 

425 

44 

11.5 

Y ellowish 
plastic 
mass in 
“ free” 
water 
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TABLE IV 

Gelation CAPAriTiKS ok Different Stearates with Water 


Soup 

How prepared 

Theoret 
weight of 
dry soap 
(m w 
expressed 

t 

grams) 

Ob- 
served 
weight of 
soap 

as 

pie- 

parcfl 

Absolute 

amount 

of 

gelation 

water 

Percent 

of 

gelation 

water 

at 

18° C 

Physical 

state 

at 

18° C 

Atnnionniin 

Htt'arate 

Warm normal amnionium 
hydroxid stirred into 
warm stearic acid 

301 

1301 

1000 

Ovci 

332 2 

White plas- 
tic mass 

Potassi u rn 

aL'uratf' 

Hot noimal potasaiuin hy- 
droxid stirred into hot 
stearic acid 

322 

1322 

loot) 

Over 

310 5 

Lemi-hard 

white 

soap 

Sodmni 

Htc'arato 

Hut iiarmal sodium hy- 
droxid stirred into hot 
stearic acid 

30t» 

1306 

1000 

Over 

326 8 

Hard white 
soap 

Magnt’BUirii 

stearate 

MaRncsium oxid stirred 
into hot stearic acid and 
boiling water added 

295 

960 

665 

225 4 

Somewhat 
plastic 
c li a 1 k y 
mass in 
“ f r e e” 
water 

Calcium 
‘itearate 1 

Calcium hydroxid stirred 
inlo hot stearic acid and 
hot wuter added 

303 

705 

402 

132 6 

White, dry, 
brittle 
jMiwder in 
" free” 
water 

Barium 

stearate 

Hot nurmul bunum hy- 
droxid stirred into hot 
stearic acid 

352 

587 

235 

60 8 

White 
flakes in 
“ free” 

water 

Lead stear- 
ate 

Litharge stirred into hot 
stearic acid and boiling 
water added 

380 

730 

344 

89 1 

|white,hard 
flakes in 
“free” 
water 

Mercury 

stearate 

Yellow mercuric oxid stir- 
red into hot stearic acid 
and boiling water added 

383 

865 

482 

125 8 

White 
flakes in 
“ free” 
water 
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TABLE V 


Gelation Capacities of Different Palmitates with Water 


Soap. 

How prepared 

Theoret 
weight of 
dry soap 
tm w 
expressed 

in 

grams)* 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelation 

water 

Percent 

of 

gelation 

water 

at 

18'’ C 

Physical 

state 

at 

18“ C. 

Ammonium 

palmitalo 

Warm normal ammonium 
hydroxid stirred into 
warm palmitic acid 

273 

1273 

1000 

Over 

366 3 

Solid white 
gel 

P o t a 8 8 1 u ni 
pal nn fate 

Hot normal potaesuim liv- 
droxid stirred into hot 
palnutu acid 

294 

1294 

1000 

Over 

340 1 

Plastic 
white gel 

Sodium pul- 
mitate 

Hot normal sodium hv- 
droxid 8tirrrd into hot 
palmitic acid 

27h 

1278 

1000 

Over 

369 6 

Solid white 
gel 

MagneBium 

palmitate 

Magnesium oxid Htirrrd 
into hot palmit’c acid 
and hot water added 

2ti7 

440 

173 

64 8 

Rather 

brittle 

mass, 
plastic at 
higher 
tempera- 
tures 

Barium pal- 
mitn ( 

Ho! normal barium hy- 
droxid stirred into hot 
jjaln itic acid 

324 

670 

340 

106 8 

Dry, flaky 

masses 

Lead palmi- 
tate 

jjitharge stirred into ho^ 
palmitic acid and hot 
water added 

358 

390 

32 

8 9 

Shiny, hard 
flakes; 
plastic at 
higher 
tempera- 
tures 
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TABLE VI 

Gelation Capacities of Different Laurates with Water 


Soap 

How prepared 

Theoret 
weight of 
dry soap 
(m w 
expressed 

in 

grams) 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

18“ C 

Physical 

state 

at 

18“ C 

Amniomum 

lauraie 

Warm normal anunomum 
hydroxide poured into 
melted lanric acid 

217 

1217 

1000 

Over 

460 8 
at 0“ C 

Semi-solid , 
solid gel 
at 0“ V 

Potassi u m 
lauiatc 

Hot normal potaHaium hy- 
droxid poured into hot 
lauTie acid 

238 

1238 

1(X)0 

Over 

420 1 
at 0“ C 

Like water, 
solid gel 
at 0“ C 

Sodium lau- 
rate 

Hot normal uodium hy- 
droxid jHiured into hot 
lauric acid 

222 

1222 

1000 

Over 

450 4 

Solid white 
gel 

Magnoaium 

lauratc 

Magneemm oxid ntirred 
into hot lauric acid and 
hot water added 

211 

570 

360 

170 1 

White flaky 
particles 

Barium lau- 

rato 

Hot normal barium hy- 
dro xid poured into hot 
lauric acid 

2«»S 

510 

242 

90 3 

White dry 
powder 

Lead laurate 

Litharge stirred into hot 
lauric acid and hot water 
added 

303 

425 

122 

40 2 

Hard, white 
mass; 
plastic at 
higher 
tempera- 
tures 
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TABLE VII 

Gelation Capacities per Gram of Sodium Soaps or the Acetic Series 
WITH Water at 18° C. 

Values in parentheses indicate percent of soap in the gel. 





Sodium formate 

0 


Sodium acetate 

0 


Sodium propionate 

0 


Sodium butyrate • 

0 


Sodium valerate 

0 


Sodium eaproate 

(’) 


Sodium eaprylule 

1 cc 

(60 00) 

Sodium oaprate 

2 5 “ 

(28 67) 

Sodium laurate 

US “ 

(6 2fi) 

Sodium iiiynstate 

48 “ 

(2 04) 

Sodium palmitate 

72 “ 

(1 37) 

Sodium margarate 

80 “ 

(1 23) 

Sodium stearate 

88 

(1 12) 

Sodium araehidate 

111 “ 

(0 89) 

TABLE Vni 




Gelation Capacities per Gram of Sodium Soaps or the Oleic Series 
WITH Water at 18° C. 


Vflluefl HI parentlieses indicate percent of soap in the colloid system 


Sodium 1 

■rucHle 

00 00 (1 04) 

Solid white gel 

Sodiutr 

M- ale 

3 28 (23 36) 

Highly viscid, yellow liquid 

Sodium elaidate 

30 00 (3 23) 

Solid white gel 


TABLE IX 

Gelation Capacity per Gram of a Sodium Soap of the Linolic Series 
with Water at 18° C. 

Value in pai^nthesm indu-ates percent of soap in the colloid system 


3 31 (23 20) 


Sodium linolale 


Highly viscid, yellowish-brown liquid 
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III 

THE SYSTEM SOAP/ALCOHOL 
1. Introduction 

It is the purpose of this section to take up the matter of the 
production of various lyophilic colloid soap systems from materials 
in which water is practically or entirely absent. The facts learned 
under this heading will then serve, with the experiments described 
earlier ^ on soap/ water systems, for a general theory of the lyophilic 
colloid state.^ 

Of the many different solvents which will in this fashion 
yield beautiful lyophilic colloid systems with various soaps, we 
shall first take up the various alcohols, for not only do alcohols 
(like glycerin) frequently appear in the processes of soap manu- 
facture, but this or some other alcohol is comm only adde d to 
soaps from without to make them “ tr anspa rent/^ 

2. Experiments with Monatomic Alcohols 

a. Monatomic Alcohols of the General Composition Cnllzn+iOH. 

1. A first set of experiments consisted in the determination of 
the gelation capacities of various sodium soaps of the fatty acids of 
the acetic series in the presence of ahsolule ethyl alcohol. For this 
purpose we proceeded as in the experiments on the gelation 
capacities of these soaps when water was the “ solvent.” The 
soaps were made by adding to unit molar weights of the various 
fatty acids the necessary chemical equivalents of half normal 
sodium hydroxid in absolute alcohol. The mixtures were kept 
in a water bath set at 75® C., and enough absolute ethyl alcohol 
was then added to each until on cooling the soap-alcohol mixture 
to 18® C. a “ dry ” gel was no longer obtained. In other words, 
if the soap/alcohol system remained liquid or showed “ syneresis ” 
it was held that its gelation limit had been exceeded. The results 

‘ See page 9; also Martin H Fischer and Marian 0. Hooker:' 
Chem Engineer, 27, 155 (1919) 

*See page 64; also Martin H Fischer and Marian 0. Hooker: 
Science, 48, 143 (1918); Chem. Engineer, 27, 188 (1919) 
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(which are readily reproducible) in the case of an actual experi- 
ment, are shown in Figs. 14 and 15 and in Table X. The 
findings detailed in Table X are shown graphically in Fig. 16. 

A sodium oleate-ethyl alcohol gel prepared under identical 
conditions is pictured in Fig. 17. 

It is again of interest, to note m connection with these experi- 
ments in which ethyl alcohol is used that, with the exception of 
margaric acid (about which there is still a debate as to whether 
or not it is more than a eutectic mixture of palmitic and stearic 
acids) all the soaps which show distinctly Ij^ophilic properties 
are those of acids which have an even number of carbon atoms in 
the empiric formula. TJiis fact was formerly emphasized in the 
case of these soaps, when water was the “ solvent ” concerned. 

The tendency to yield colloid gels diminishes not only quanti- 
tatively but also qualitatively, as we descend the fatty acid series 
from sodium ara(.'hidate to sodium acetate. The ethyl alcohol 
g(‘l of sodium acetate tends to crystallize out within a few days 
after its formation. The butyrate gel (see Fig. 14) naay go partly 
to pieces in the course of weeks, unless carefully protected from 
temperature changes, but the caproate yields a lasting colloid. 
Th(\s(' lowermost members of the soap series with an even number 
of carbon atoms, however, show a ch^an-cut tendency to gel 
formation not at all apparent with the formate, propionate and 
val( !'a;e. In the case of the last named substances, repeated 
trials under the conditions of our experiments yielded only thick 
crystalline precipitates. * 

It is furtlier to be noted (Fig. 16) that the regular downward 
gradatioii in gelation capacity is interrupted in the series between 
capric and caprylic acids. This point marks the transition from 
the fatty acids solid at ordinary temperatures, to those which 
are liquid. 

2. It was our next problem to discover what was the gelation 
capacity of some picked soaps in different alcohols. We used for 
this purpose several sodium soaps of the acetic acid series, three 
sodium soaps of the oleic series and one sodium soap of the linolic 
series.^ The erucate and linolate were prepared through neu- 

^ The matter of getting absolutely pure fatty acids for such quantitative 
experiments as are here described is not an easy one. We are under great 
obligation to the Department of Organic Manufactures of the University of 
Illinois for supplying us with splendid examples of the different fatty acids 
used in this study. In another portion of t|^e work we used Kahlbaum's*^ “K” 
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tralization of the necessary molar equivalents of acid with stand- 
ard aqueous sodium hydroxid and desiccated over sulphuric acid 
at 37° C. The remaining soaps were similarly prepared but dried 



at 90° C., in a dry air oven, to constant weight, as determined by 
heating a test fraction to 110° C. 

The gelation capacity per gram of the sodium soaps of nine 
different fatty acids of the acetic series in nine different mona- 

Brand chemicals. The fact that the fatty acids l^id different sources explains 
some of the slight variations in the numerical Values obtained in different 
series of experiments. It should be noted, however, that the relative values 
obtained were always gotten by using a single specimen 
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tomic alcohols is shown photographically in Fig. 18 {A and B) 
and graphically in Figs. 19, 20, 21, 22, 23, 24, 25 and 26. The 
findings are compounded in Fig. 27. In each instance a given 
weight of soap had more and more of the various alcohols added 
to it while in a warm water or boiling water bath, until, upon 
reducing the temperature of the reaction mixture to 18° C., it 
would no longer set into a dry gel. The actual volumes that it 



Figure 16 . 

was found possible to add, while still accomplishing this end are 
shown in Table XL 

The tables, figures and graphs show that the lendencAj of the 
various soaps to yield lyophilic colloid systems grows (1) with the 
complexity of the soap in any given series and (2) with the complexity 
of the alcohol used in the system. The only exception in the acetic 
series is represented by margaric acid, but this may be explained 
either by the fact that it is an odd carbon atom acid or that it 
represents a eutectic mixture of stearic and palmitic acids. 
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The results iu the case of two soaps of the oleic series (sodium 
oleate and sodium erucate) with this series of alcohols are shown 
photographically in the upper two rows of Mg. 28 and graphically 
in Figs. 29 (A) and 30. 

The behavior of sodium elaidate (elaldic acid being an isomer 
of oleic acid) is shown in the lowermost series of bottles of Fig. 28, 
and graphically in Fig. 29 (B). Thh gelation capacity of this 
soap differs from that of sodium, oleato in that the maximal 
gelation capacity is obtained with an alcohol in the middle of 
th(5 series. In general all the gelation capacities he below the 
values obtained with sodium oleate. 



Figure 17, 


The experimental results covering these three soaps are given 
in Table XII . It is again apparent in the oleic series that the 
gelation capacity increases with the height of the alcohol in the 
series; while, when the erucate is compared with the oleate, the 
former has a higher gelation capacity with a given alcohol than 
the latter, at least as far as the lowermost members are concerned. 
We were not successful either by direct or indirect means (through 
primary solution in methyl alcohol) to get gelation values in the 
higher alcohols above that for ethyl alcohol. We cannot, how- 
ever, say at this time whether this is a necessarily correct finding, 
for our erucic acid was not absolutely pure. 
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PlGUKE 19. 



Figuke 20. 
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Figure 23 . 
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Figure 30 . 
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The gelation capacity per gram of sodium linolate in different 
alcohols is shown photographically in Fig. 31 and graphically 
in Fig. 32. The graph is based upon values shown in Table 
XIII. 



Figure 31. 



Figure 32. 

If the gelation capacities of sodium linolate, sodium oleate 
and sodium stearate in the different alcohols are compared, read- 
ing horizontally across the table, it will be noted that sodium 
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linolate shows, on the whole, a lower value than sodium oleate 
and the latter a lower one than sodium stearate. 

It was noted in the making of these solutions of the soap in 
the different alcohols that the soap dissolved first in the lower 
members of the alcohol series and last in the uppermost. Upon 
lowering the temperature the gels formed first in the upper alco- 



Figure 33. 


hols and last in the lowest members of the series. It should be 
noted, t(>o, that the solubility of sodium oleate in methyl alcohol 
is so high that slight variations in temperature are sufficient to 
cause the mixture, in the concentration here used, to pass from 
the opalescent gel to a clear solution, while a lowering of the 
tempeT'ature brings it back to the gel state. As we ascend to 



Figure 34. 


the higher alcohols such temperature variations must be made 
increasingly larger to accomplish the same result. 

6. Monatomic Alcohols of the General Composition CnHnOH. 
Of the other monatomic alcohols which have been studied, benzyl 
alcohol yields beautiful soap jellies with the anhydrems soaps of 
both the acetic and oleic series, as shown in Fig^. 33 and 34, as 
well as Tables XIV and XV which contain the actual experimental 
data. 
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Cinnamyl and allyl alcohols yield no gels with either of these 
two soap series. Sodium linolate yields no gel with benzyl 
alcohol nor with cinnamyl or allyl alcohol. 


3. Experiments with Diatomic Alcohols 

The solvation capacity of several sodium soaps in two di- 
atomic alcohols, namely, trimethyleneglycol (1, 3 propandiol) 



ie is li B 


Figure 35. 


and ethyleneglycol, was next studied. The results for seven 
sodium soaps of the acetic series and three sodium soaps of 



Figure 36. 


the oleic series with trimethyleneglycol are shown in Figs. 
35 and 36, and Tables XVI and XVII, which contain the ex- 
perimental data. There is an obvious and large increase in 
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gelation capacity as we ascend the acetic series. Sodium oleate 
lies far below sodium stearate in its gelation capacity, while 
sodium linolate was found to yield no gel at all. Both Table 
XVII and Fig. 36 show that sodium erucate and scxfium 
elaidate (the isomer of the oleate) have a lower gelation capacity 
in trimethyleneglycol than has sodium oleate, but, as noted 
above, we were not completely satisfied with the purity of our 
erucic acid. 



The results of some experiments with ethyleneglycol and some 
soaps of tlie acetic and oleic series are shown in Figs. 37 and 38. 
The actual experimental findings are again contained in Tables 
XVI and XVII. As apparent from the figures and the tables, 



FtouRfi 38. 


only the higher members in each of the soap series will yield gels 
with ethyleneglycol, the lower members yielding only true solu- 
tions or crystalline deposits in the cooled reaction mixtures. 
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4. Experiments with Triatomic Alcohols (Glycerin) 

^he solvation capacities of four sodium soaps of the acetic 
series and three sodium soaps of the oleic series with glycerin are 



Figure 39 


illustrated in Figs. 39 and 40 and Tables XVIII and XIX. Not 
only does the oleic series stand below the acetic, but in both series 
the gelation capacity falls rapidly from the high values obtained 
with the upper series to the low values in the case of the lower. 



Fig. 41 illustrates the system sodium linolate, with a diatomic 
or a triatomic alcohol. When these mixtures are heated to the 
temperature of a boiling water bath, “ solution ” occurs, but on 
cooling the mixtures to 18° C. no gelation follows, despite their 
high soap content (33.3 percent). We shall return later to 
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the bearing of this phenomenon on the general theory of 
gelation. 

Fig. 42 shows the result of dissolving 1 gram of sodium stealfete 
or sodium oleate in 50 cc. of allyl alcohol at the temperature of 



Figure 41 . 


boiling water and then cooling to 18° C. At the higher tempera- 
ture the soap dissolves to form a true solution as the temp- 
erature falls, the soap becomes insoluble, but instead of forming 



a gel it drops out as a crystalline mass. These experiments suffice 
to shpw that not every soap solvent will yield a colloid system 
with a given soap. We shall use these facts later for their bear- 
ing upon the general theory of colloids. 





54 


SOAPS AND PROTEINS 


TABLE X 

Gelation (’Ai'AcrnES of Different Sodium Soaps 
WITH Ethyl Alixihol 


Soap 

How prepared 

Theoret 
weight of 
dry soap 
(in w 
expressed 

gianis) 

Absolute 

amount 

ethyl 

alcohol 

absorbed 

(in 

liters) 

Percent 

of 

gelation 
alcohol 
at 18“ r 

Physical 

state 

at 

18“ C. 

Sodium 

arachidate 

Arachidic and dmeolved in warm 
absolute aleuhol and \ normal 
NaOH added to it 

334 

27 6 

8233 

White gel 

Sodium 

Bleat ati‘ 

Stearic acid dissolved in warm ab- 
solute alcohol and ^ normal 
NaOH added to it 

300 

21 0 

6803 

White gel 

Sodium 

margaiate 

Margaiic acid dissolved in waim 
absolute alcohol and i normal 
NaDll addisl to it 

292 

19 0 

0r)07 

White gel 

Sodium 

palmitate 

I’almitic and tlissoKed in wai ni 
absolute alcohol ami J noimal 
NaOH added to it 

278 

18 0 

04 7r) 

White gel 

Sodium 

mynatato 

Mynstio and dissolved in wai m 
absolute alcohol and i normal 
Na(.)H added to it 

2r)n 

IT) 5 

0200 

White gel 

Sodium 

lauratc 

Launc and dissolved in waim ab- 
solute alcohol and } normal 
NaOH added to it 

222 

13 5 

0081 

White gel 

Sodium 

capratc 

j 

Capiic and dissolved in warm 
absolute alcohol and i noimal 
NaOH added to it 

194 

12 0 

0185 

White gel 

Sodium 

caprylatf* 

Caprylic acid dissolved in warm 
absolute alcol'ol and J normal 
NaOH added to it 

100 

5 0 

3012 

White gel 

Sodium 

caproatc 

Caproic acid dissolved in waim 
absolute alcohol and J nhrmal 
NaOH added to it 

138 

2 0 

1449 

White gel 

Sodium 

valerate 

Valerie and dissolved in warm 
absolute alcohol and J normal 
NaOH added to it 

1 124 

No lyoph- 
1 1 i e 

proper- 

ties 


Crystalline 

precipitate 

Sodium 

butyrate 

Butyric and dissolved in warm 
absolute alcohol and I normal 
NaOH added to it 

i 110 

1 6 

900 

White gel 


THE COLLOID-CHEMISTRY OF SOAPS 


56 


TABLE X — Continued 


Boap 

1 

How prepared 

Theoret 
weight of 
dry soap 
(m w 
expressed 

m 

grams') 

Alieolute 

amount 
ethyl i 
alcohol 
absorbed 

(in 

liters) 

Percent 

of 

gelation 
ah'ohol 
at 18° C 

Physical 

state 

at 

18° C. 

Sodium 

propionate 

Propionic acid dissolved in warm 
absolute alcohol and J normal 
NaOIl added (o it 

1)G 

No lyo- 
philic 
proper- 
ties 


Sticky mix- 
ture, ulti- 
mately crys- 
talline 

Sodium 

acotato 

Acetic acid dissolved in warm abso- 
lute alcohol and i normal NaOH 
added o it 

82 

0 8(’) 

976 n 

White gel 

Sodium 

formate 

Formic acid dissolved in warm 
absolute alcohol and ^ normal 
NaOH added to it 

68 

Thick 

precipi- 
tate, no 
lyophil 
ic prop- 
erties 


Crystalline 

precipitate 

Sodium 

oloafc 

Ulnc acid dissolved in warm abso- 
lute alcohol and i normal NaOlI 
added to it 

304 

10 0 

1 

3289 

White gel 

Sodium 
elaidai .> 

Elaldic acid dissolved in warm 
aliBolute alcohol and J normal 
NaOH added to it 

304 

3 8 

1250 

White gel 

Sodium 
erueafe j 

Eru.'*- acid dissolved in wai m abso- 
lute alcohol and § normal Nat^Hl 
added to it • 

360 

12 6 

3500 

White gel 






* The solubility of the higher soaps in the higher alcohols is so lovi that to obtain these hgures we rraorted to the expedient of first dissolving the 
soap in a measured volume of methyl alcohol, subsequently driving this off by keeping the nuxture in a boiling water bath. 
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TABLE XIV 

Gelation Capacitieb in cc. per Gram of Various Sodium Soaps 
OF THE Acetic Series with Benzyl Alijohol at 1S° C. 


Values in parentheses indieate percent of soap in the gel 


Soap 

Benzyl 

Sodium stearate 

110 

(0 

90) 

Sodium palinitate . . 

90 

(1 

09) 

Sodium mynstate 

82 i 

(1 

19) 

Sodium lauratc 

75 

(1 

31) 

Sodium caprate 

67 i 

(1 

46) 

Sodium caprylate 

60 

(1 

64) 

Sodium caproate 

40 

1 

(2 

44) 


TABLE XV 

Gelation Capacities in cc per Gram op Various Sodium Soaps 
of the Oleic Series with Benzyl Alcohol at 18“ C 


Values in parentheses indicate percent of soap in the gel 


Soap 

Benzyl 

Sodium erucate 

30 (3 23) 

Sodium oloate 

TiO (1 96) 

Sodium elaidate 

20 (4 76) 


TABLE XVI 

Gelation Capacities in cc per Gram of Various Sodium Soaps 
the Acetic Series with Different Diatomic Alcohols at 18° C. 


Values in parentheses indicate percent of soap in the gel 


Soap 

Ethyleiie- 

glyeol 

Trimethylene- 

glycol 

Sodium stearate 

Sodium palinitate 

Sodium mynstate 

Sodium lauratc . 

Sodium caprate 

Sodium caprylate 

Sodium caproate 

80 (1 23) 

40 (2 44) 

10 (9 09) 

250 (0 39) 

120 (0 83) 

80 (1 23) 

40 (2 44) 

25 (3 84) 

15 (6 25) 

10 (9 09) 
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TABLE XVII 

Gelation Capacities in cc. per Gram of Various Sodium Soaps op 
THE Oleic Series with Different Diatomic Alcohols at 18® C. 


Values in parentheses indicate percent of soap in the gel 


Soap 

Et hylene- 
glveol 

Trimethylene- 

glycol 

Sodium erueate 

Sodium oleate 

Sodium elaldate 

30 (J 23) 

30 23) 

00 (1 64) 

15 (6 25) 


TABLE XVIII 

Gelation Capacities in cc per Gram of Various Sodium Soaps 
of the Acetic Series with a Triatomic Alcohol at 18® C. 


Values 111 parentheses indicate percent of soap m the gel 


Soap 

Gly 

•enn 

Sodium stearate 

150 

(0 

66) 

Sodium palrnitate . 

50 

(1 

96) 

Sodium mvristate 

15 

(6 

25) 

Sodium laurate 

8 

(11 

11) 


TABLE XIX 

Gelation Capacities in cc. per CJram of Various Sodium Soaps of the 
Oleic Series with a "Kri atomic Alcohol at 18° C. 


Values 111 parentheses indicate percent of soap in the gel. 


Soap 

Glycerin 

Sodium erueate 

30 (3 23) 

Sodium oleate 

20 (4 76) 

Sodium elaldate 

18 (5 26) 
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IV 

THE SYSTEM SOAP/X. COLLOID SOAPS IN OTHER 
NON-AQUEOUS “SOLVENTS” 

It is of importance for the theory of the lyophilic soap colloids 
in particular, and of lyophilic colloids in general, to sec how much 



Figure 43. 


further the composition of these systems may be broadened and 
still yield the definitely colloid systems under discussion. The 
soaps form admirable materials for such a study, for, as already 
observed, they yield colloid systems not only with water and the 
various monatomic, diatomic and triatomic alcohols but also 
with many other liquid “ solvents.” 

Some colloid systems of the general composition soap/x are 
illustrated in Fig. 43. Here sodium stearate and sodium oleate 
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are seen to yield gels with turpentine, gasoline, benzene, toluene, 
chloroform and carbon tetrachlorid. The list of “ solvents ” 
which 3 deld such results can be further lengthened as shown in 
Figs. 44, 45 and 46 by observing that meta-, ortho- and para- 
xylene, diethyl and butyl ethers, benzaldehyd and paraldehyd, 
turpentine, limonene, pinene, gasoline, heptane, ethyl oenan- 
thate, amyl acetate and triacetin all yield satisfactory results. 
The experimental details covering Fig. 43 are contained in Table 
XX; those covering Figs. 44, 45 and 46 in Table XXI. It 



Figuee 44, 


should be noted that the gelation capacities of Table XX are 
the maximal values; in the rest of the series we contented our- 
selves with the mere finding that lyophilic colloid systems could 
be produced from the soaps and “ solvents ” chosen for study. 

These findings indicate that a large variety of different ‘‘ sol- 
vents ” may all yield lyophilic colloid systems, even though there 
is little chemical relationship between the members of the various 
groups studied. Wliat this means for the general theory of the 
lyophilic colloid state is now to be discussed. 
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Figubb 45 , 



Figube 46 . 
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TABLF; XX 

Gelation Capacities in cc per Gram op Various Sodium Soaps 
WITH Different Non-aqueous Solvents at 18° C. 


Values in parentheses indiuato p«*roeiit of soap in the del. 


Soap 

Turpentine 

Gasoline 

Benzene 

1 j 

Toluene 

Ghloroform 

Carbon 

tetrachlorid 

Sodium stearate 
Sodiuni oleate 

3 8 (20 8) 
3 0 (25 0) 

3 2 (23 8) 

4 0 (20 0) 

3 0 (25*0) 
3 0 (25 0\ 

0 0 (14 3) 
3,0 (25 0) 

3 0 (21 8)| 
3 0 (21 8) 

6 4 (13 6) 

5 0 (16 7) 


TABLE XXI 

Gelation Capacities (Not Maximal) in cc per Gram of Sodium 
Stearate with Different Non-aqueous Solvents at 18“ C. 

Values in parentheses indicate percent of soap m the gel 


♦M-xylene 

4 

0 

(20 

0) 

*()-xy leiii 

4 

0 

(20 

0) 

♦y'-xyleiie 

4 

0 

(20 

0) 

niethyl ether 

2 

0 

(33 

3) 

♦Butyl ether 

4 

0 

(20 

0) 

♦Benzaldehyd 

4 

0 

(20 

0) 

♦Paruldehyd 

4 

0 

(20 

0) 

Turpentine 

3 

0 

(25 

0) 

♦lanioncnc 

4 

0 

(20 

0) 

♦Pinene 

4 

0 

(20 

0) 

Gasoline 

3 

0 

(25 

0) 

♦Heptane 

4 

0 

(20 

0) 

♦Ethyl u-nanthate « 

4 

0 

(20 

0) 

♦Amyl acetate 

4 

0 

(20 

0) 

♦Tiiacetin 

4 

0 

(20 

0) 


♦Because of the slight “solubility” of the soups m these solvents at the temperature of 
a boiling water bath, this was increaseu through addition of a small, nieasuied volume 
of methyl alcohol which was then completely evaporated from the mixture before the 
system was cooled to 18° C. 





64 


SOAPS AND PROTEINS 


V 

ON THE GENERAL THEORY OF THE LYOPHILIC COLLOIDS 

1. Historical Critical Remarks 

The experiments detailed above on soap/water, soap/alcohol 
and soap/x systems help, we think, towards a better understand- 
ing of a number of technological, physico-chemical and biological 
problems. We wish first to comment upon their value for a 
closer definition of the terms hydroj>hilic or lyophilic colloid} In 
spite of the fact that we now recognize the existence of material 
in the colloid state and utilize its many important properties 
for the solution of technological or scientific phenomena, it is 
nevertheless true that an entirely satisfactory or complete defini- 
tion of what constitutes the colloid state is not yet at hand. 

Perhaps the best established and most universal character- 
ization of the colloids is that which defines them as diphasic or 
polyphasic systems in which one material is subdivided into a 
second with the degree of subdivision coarser than molecular 
and not so coarse as to fall within the limits of microscopic visi- 
bility. From the three states of matter, gaseous, liquid and 
solid, it is obvious, as first clearly developed by Wolfgang 
OsTWALD,^ that nine combinations consisting of the colloid dis- 
persion of any one of these materials in any second are possible. 
These may be tabulated as follows: 


gas in gas Itgmd in gas (steam) solid in gas (smoke) 


gas in liquid (charged 

liquid in liquid (fine enml- 

solid in liquid (metallic gold in 

water) 

Bion) 

water) 

gas in solid (meeiBchftum) 

liquid in solid (opal) 

solid in solid (gold ruby glam) 


Of the nine possible combinations eight have been realized (the 
colloid dispersion of one gas in a second being impossible). 

^ Martin H. Fischer and Marian O Hooker: Science, 48, 143 (1918); 
ibid., 49, 615 (1919); Chem. Engineer, 27, 184 (1919). . 

2 Wolfgang Ostwald: Kolloid-Zeitschr., 1, 291, 331 (1907); Theoretical 
and Applied Colloid Chemistry, translated by Martin H Fischer, 42, New 
York U917); Handbook of Colloid Chemistry, 2nd English Ed., translated 
by Martin H. Fischer, 43, 49, Philadelphia (1918). 
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Of these dispersoids, the ones of greatest interest in con- 
nection with the behavior of the soaps are those embraced within 
the heavy black square, in other words, those which have the 
composition liquid plus licjuid or liquid plus solid. According 
to OsTWALD, the former are the emulsion colloids, the latter the 
suspension colloids; or, to adopt the terminology of P. P. von 
Weimarn, they are the emulsoids and the suspensoids. 

The attempt has been made to correlate the physical properties 
of each of these systems with the fact that the two phases have, 
in the first instance, a liquid plus liquid composition, or, in the 
second, a liquid plus solid composition. In the group of the 
first are found many of the “ visc;ous, gelatinizing and not readily 
coagulable ” ‘‘ colloid solutions ” of A. A. Noyes,^ or the hydro- 
philic or lyophilic colloids of J. Perrin ^ and H. Freundlich;^ 
in the second are the “ non-viscous, non-gelatinizing, readily 
coagulable ” “ colloid suspensions ’’ of Noyes or the hydrophobic 
or lyophobic colloids of Perrin and Freundlich. The cor- 
relation b(;tween the physi(;al state of the phases and the prop- 
erties of the mixed systems is not enough, however, to characterize 
them completely. Liquid nuircury in water for example yields 
only a suspension colknd, and the same is true of (liquid) oil in 
water; on the other hand, (solid) ferric hydroxid, generally ranked 
among the suspension (Colloids, has distinctly hydrophilic proper- 
ties in high concentraiion in water. 

Such weaknesses in the attempts to make the term lyophilic 
colloid synonymous with einiilsion colloid and lyophobic colloid 
with suspension colloid were recognized by Wolfgang Ostwald^ 
himself, and in consequence the effort was made by him to 
overcome such objection by declaring the lyophilic colloids 
“ colloids of a higher order.” Specifically he assumed that 
emulsion colloids were not “ merely ” subdivisions of one liquid 
in a second, but that each of the liquid phases was itself a dis- 
persoid. We shall see below that this view is correct. 

It seems to us that the characteristic difference between lyophilic 
and lyophobic colloids is not to be sought in their liquid plus liquid 
or liquid plus solid character but in the fact that the phases are either 

^ A. A Noyes: Jour. Am. Chem. Soc., 27, 85 (1905). 

* J. Perrin: Journal de Chimie physique, 8, 84 (1905) 

* H. Freundlich: Kollo id -Zeitschr., 8, 80 (1908); Kapillarchemie, 309, 
Leipzig (1909) 

* Wolfgang Ostwald: KoUoid-Zeitscto., 11, 230 (1912). 
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mutually soluble or not. (Liquid) water and (liquid) oil yield 
only lyophobic colloids (suspension colloids in the old ter- 
minology) because the two phases are mutually insoluble, but 
(liquid) water and soap (whether liquid or solid) yield lyophilic 
colloids (emulsion colloids in the old terminology) because their 
mutual solubility is high. 

The importance of mutual solubility for the understanding 
of some of the phenomena characteristic of colloids was drawn 
upon some years ago by W. B. Hardy.^ Hardy used the concept 
of mutual solution to explain the physical phenomema encountered 
in the gt^latioii of protein-water-salt mixtures, but owing to the 
objection that the phases did not show the constant chemical 
composition demanded by theory, this important idea seems to 
have been largely dropped. For reasons which bec^ome apparent 
as we pro(;eed, this objection is not valid, and it seems possible 
to make a fairly inclusive analysis of what we mean by hydro- 
philic colloids and the changes in their states, as soon as wc add 
to the coiicei)ts of mutual dispersion in degrees coarser than 
mole{!ular and mutual solubility of the phas(‘s a third important 
point, namely, that of the enormous increas(i in viscosity observed 
whenev(H' two liquids or a liciuid and a solid, themselves possessed 
of low viscosity, are subdivided into oa(;h other. 

To make the last of these points clear, it is only necessary 
to introduce the example of Wolfgang Ostwald, of water and 
dry sand, and the observations of J. Fuibdlander and V. Roth- 
mund on the viscosity of mutually, soluble liquids in the zone 
of their critical temperature. While dry sand “ runs ” easily 
and the viscosity of pure water is relatively low, wet sand may 
be readily molded and hold its shape. The example of the mutu- 
ally soluble system phenol/water (which is considered particularly 
apt in the matter of understanding the colloid behavior of soap/ 
water systems) is shown in Fig. 47. The bottle on the extreme 
left contains only phenol (which at 18° C. is a crystalline mass 
like any “ pure ” soap at a proper terUperature). The succeed- 
ing bottles contain the same weight of phenol, plus gradually 
increasing amounts of water. As more and more water is added 
the phenol fails to crystallize; up to and including the sixth bottle 
from the left, only “ solutions ” are obtained, but these are solu- 

^ W. B. Hardy: Jour. Physiol., 24, 158 (1899); Zeitschr. f. physik. Chera., 
88, 326 (1900). 
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tions of water in phenol. The seventh bottle shows two layers — 
below, one of phenol saturated with water; above, a solution of 
phenol in water. With further additions of water the latter type 
of solution grows at the expense of the former, until finally, in 
the bottle second from the extreme right of the series nothing 
but a solution of phenol in water remains.^ 

Of importance for our further discussion is, first, the existence 
of the two types of sohdion, that of water-in-phenol and that of 
phenol-in-water. The physical constants of these two solutions 
are totally different and they behave differently, too, toward 
changes in external conditions like temy^eraturt^ or the effects 
of added substances (acids, bases, salts, indicators, etc.), A 
second point of im]X)rtance is the behavior of such a system as 
is represented in the fourth or fifth bottle from the right when 
subje(;ted to increases or decreases in temperature. When the 
temperature is raised the watered -phenol phase goes over and into 
solution in the phenolated-water phase. It is characteristic of 
liquids, when th(ur temperature is being lowered, to show a pro- 
gressive increase in viscosity. The warmed solution of phenol- 
in-water also shows such a progressive increase in viscosity as 
its temperature is lowered, but, as first not(',d by Friedlander 
and Rothmund, this progressive increase shows a sharp break 
upon reaching the critical temperature, at which the phenol 
begins to separate out. 

This break expresses itself as a sharp rise in viscosity, which 
increases for a time and then falls eff again, so that with further 
lowering of temperature a viscosity curve more like the original 
“ normal " is again obtained. 

We are indebted to Wolfgang OstwaIvD for pointing out 
that, in this critical zone during which the phenol/water system 
is opalescent, we are in reality dealing with a colloid system (con- 
sisting of wttered-phenol dispersed in phenolated-water). 

* In analogy to what happens in the “salting-out'’ of sdaps, which is the 
subject of Section X (page 93), it is well to explain the nature of the con- 
tents of this right-hand bottle in the series. This was originally nothing but 
a solution of phenol in water, but through the addition of ordinary table salt 
^the phenol was “salted out” so that now a phenok phase with some, water 
dissolved in it (analogous to the salted-out soap oli^ inanufacturer) is seen 
dilating at the surface of the liquid in the bottle. ^ ' 
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2. On the Theory of Soap Gels 

It is our purpose now to show that the behavior of the soap/ water ^ 
soap /alcohol and soap/x systems previously discussed is also best 
understood in the terms of the suhmolecular dispersion into each 
other of two materials possessed of a fair degree of mutual solubility.^ 

When one tries to state in the simplest possible terms what it 
is that happens when a definite mixture ui soap with some solvent 
(like soap and water), which at the temperature of boilinp; water 
is a mobile liquid, is seen U) set into a dry, solid mass as its temp- 
erature is reduc(‘d, it seems easiest to think of th(^ whole as a 
change from what is, at the higher temperature, essentially a 
solution of soap in water to that which is, at the lower temperature, 
a solution of water in soap. Between these extremes and as 
determined by the temperature and by the relative concentra- 
tions of soap and of water, we g(d, various mixtures of solvated- 
soap in soap-water or of soap-water in solvated-soap. The situa- 
tion in the case of the soaps in the presiaice of limited volumes of 
water is identical, in other words, with the changes which may 
be seen in mutually soluble systems of the type phenol/water, 
ether/ water or protein/water as studied by J. P'riedlander, 
V. Rothmund, W. B. Hardy and their various followers. 

Turning first to a study of the m^echanism employed for the 
production of these colloid soap systems, it is evident that they 
are formed for the most part by “ dissolving ” a unit weight of 
soap in a definiti^ volume of wi^er at a ratluT high t innperaturc'. 
In the accepted parlance, it may be said that through increase in 
temperature the solubility of the soap in the water is tremen- 
dously increased. While the lower soaps of the acetic; acid series 
are readily soluble in water (even at relatively low temperatures), 
the upper members behave like the lower members if the tempera- 
ture is raised. The soap goes into solution in the water. The 
truth of this assertion is indicated by the available physico- 

* We are not unaware that the concept “solution “ needs itself to be defined. 
While the field of “solution” constitutes slipi^ry ground, we accept, for 
pragmatic reasons, as characteristic of the “true” solution, the teachings of 
Wolfgang Ostwald and ,P. P von Weimahn, who define such solutions as 
dispersions of A in R withSfce degree of subdivision measurable in molecular 
or smaller values. To -express the matter in the terms of A. P MATHEwa^i 
we may say that A is dissolved in B or vice versa when the solvent has over- 
come the cohesive forces of the dissolved substances As Mathews has 
shown, the forces of cohesion oji^p^te within molecular dimensions. 
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chemical observa- 
tions which show 
that the lower soaps 
behave “ normally 
even at relatively 
low temperatures; 
but all the soaps, 
even the higher ones, 
tend to behave os- 
motically, electric- 
ally, optically, etc., 
as so-called “ true ” 
solutions when their 
temperature is suffi- 
ciently raised 
(Kkafft). 

To illustrate the 
matter in crude 
fashion and more 
particularly for any 
of the higher soaps 
(which experiment 
has shown to be 
particularly favor- 
able for the produc- 
tion of “ colloids 
and to illustrate the 
effects of a lowering 
of temperature, Figs. 
48 and 49 are intro- 
duced. Fig, 48 shows 
the results if the 
separating phase has 
a liquid character; 
Fig. 49, if it is solid 
or crystalline. The 
diagrams are sup- 
posed to show the 
results when two 
mutually soluble 
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substances, like A 
and B, (water and 
soap, or alcohol and 
soap) are mixed to- 
gether. When B (or 
the soap) is readily 
soluble in A and the 
concentration is right- 
ly chosen, there results 
a true solution at the 
higher temperature. 
This matter is repre- 
sented by the region 
marked A in the dia- 
grams (the soap is 
dispersed molecularly 
or ionically in the 
solvent) . The lower- 
most members of the 
fatty acid series form 
systems of this type 
only, even at relative- 
ly low temperatures, 
but the members 
higher in the series 
form such systems 
only at the higher 
temperatures. The 
soap manufacturer 
who makes his prod- 
uct by “ boiling,” 
in essence makes his 
soaps in such true 
solution. 

What happens now 
when the temperature 
is lowered? The solu- 
bility of the soap in 
the water is obviousr 
ly ^lecreased* As the 
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saturation point is attained, the soap particles assun^e not only 
molecular size but more than molecular size. By definition, 
therefore, we approach with falling temperature the realm of the 
colloids, or that of dispersions of one material in a second with the 
degree of dispersion showing dimensions greater than molecular. 
The gradual increase in the size of the soap particles (or increase 
in their number) with lowering of the temperature is represented 
by the regions B, C, D, E and F in the two diagrams. 

Thus far we have explained merely the production of a colloid 
system by the ordinary process of bringing about supersaturation 
and an agglomeration of particles previously more highly dis- 
persed. It is obvious that such agglomeration may yield either 
a lyophobic (or so-called suspension colloid) or a lyophilic (or 
so-called emulsion colloid). The lyophobic colloid results when the 
solvent is not soluble in the precipitating phase; the lyophilic colloid 
when the solvent is soluble in the precipitating phase. When soap 
falls out of solution from sucli a solvent as allyl ah^ohol the former 
of these possibilities is realized; when it falls out in water, alcohol, 
toluene, benzene, etc., the latter is realized. The black circles in 
the diagram of Fig. 48 or the black crystal masses in Fig. 49 
i represent more therefore in the latter instance than a mere pre- 
I cipitate of pure soap ; they are this, plus a certain amount of the 
i water, alcohol or other “ solvent ’’ dissolved in them.^ 

At a sufficiently low temperature the soap aggregates will have 
become so large or so numerous as to touch and coalesce. If this 
process continues to a sufficient extent the system will ultimately 
represent, in essence, nothing but soap in which the previous 
“ solvent ” has been dissolved. This situation is represented 
diagrammatically by the zone Z of Figs. 48 and 49. 

A study of Figs. 48 and 49 shows, however, that between the 
upper extreme (A) of a solution of the soap in the solvent and the 

^ We do not here distinguish between such “dissolved” water and water 
of crystallization. Obviously both values are included. While we have no 
desire to trespass upon the fields of theoretical chemistry we feel strongly 
compelled to the view that “solution” always means (chemical) union between 
solvent and dissolved substance In the “dilute” solutions this effect is 
largely lost sight of, however, because of the large overplus of the pure 
“solvent,” the properties of which then continue to dominate the whole 
system. The union between solvent and any substance X need not, more- 
over, be of one kind only When phenol dissolves in water one type of union 
between the two is accomplished; when water dissolves in phenol the combi- 
nation is a totally different one. 
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lower extreme (Z) of a solution qf the solvent in the soap, there 
exist two main zones of mixed systems, one below the upper (B, 
C, D and E) consisting of a dispersion of solvat-ed-soap in the 
soaped-solvent, and a second above the lower (F, X', W and V) 
consisting of soaped-solvent in the solvated-soap. These two 
mixed systems are in essence “ emulsions ” (if both phases are 
liquid) or “ siLspemsions ” (if at least one j^hase is solid) hut of 
opjumte types; and as such (even when of the same quantitative 
chemical constitution) are possessed of totally diffident physical 
properties. The former corn^sponds, for example, to an emulsion 
of oil-in-water or a suspension of quartz-in-water; the second to 
an emulsion of watr^r-in-oil or a system of water-in-quartz. And 
as the former (as illustrated by milk) will mix with water, wet 
paper and show a certain viscosity value, the latter (as illustrated 
by butter) will mix only with oil, will grease paper and show an 
entirely different viscosity.^ 

Returning to the lyophilic soaps and the diagram, it is obvious 
that as we descend, with lowering of temperature, from the region 
A, we pass, in the regions B, C and D, through increasingly viscid 
liquid colloid “ solutions, '' but all of them emulsions or suspen- 
sions of the type solvated-soap in soaped-solvent. In the region 
Ey the particles of solvated soap almost touch, and here the highest 
(liquid) viscosity is obt^iined. In F they do touch and now form 
a continuous external phase. At this point we change to the 
opposite type of emulsion or suspension — the previously liquid 
colloid becomes sohd, or, as Ve say, it gels. As we shall show 
later 2 the two types of system not only have different physical 
constants but behave differently toward such added materials as 
indicators. 

^ See in this connection Martin H Fischer and Marian 0 Hooker 
Science, 48, 468 (1916); Martin H Fischer: Fats and Fatty Degeneration, 
20, New York (1917) 

*See page 77; also Martin H. Fischer: Science, 49, 615 (1919); 
Chem. Engineer, 27, 271 (1919), 
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VI 

DEFINITION OF HYSTERESIS, SWELLING, LIQUEFACTION, 

GELATION CAPACITY, SOLVATION CAPACITY, SYNERE- 

SIS, SOL 

We should now like to emphasize how this concept of the 
changes which the soaps suffer in passing from liquid sols to dry 
gels may help to explain a number of the “ strange ” character- 
istics of colloid systems. 

1. A first questif)!! under this heading is that of the nature 
of hysteresis, more particularly that obs(;rved when a colloid is 
subjected to changt^s in temperature. The importance of the 
thermal history of a colloid system is constantly stressed. It 
is generally true of the lyophilic colloids that wlam subjected 
to heat manipulation they tend to hold fast to the c,hara(5teristics 
of their previous states. A colloid on cooling, for example, first 
sets at a certain temperature; yet the same colkad after scitting, 
fails on reheating to liquefy at this te.mpc^ratun^ — it usually 
first melts ’’ at a higher one. In fact it may be said quite 
generally that the curve showing the increase in viscosity of a 
lyophilic colloid with lowering of temp(;rature is rarely identical 
with that portraying the decrease iii viscosity when the temper- 
ature is raised through the same range. If the fact is remembered 
that the absolute values of two mutually soluble substances are 
rarely the same, and that the rates at which they go into solution 
in each other are usually different, many of these difficulties 
disappear. Figs. 48 and 49 show diagrammatically not only 
what happens when the temperattfre of a solution of soap in some 
solvent is lowered but also, in the lower halves of the pictures, 
the effects of warming a gel. Increasing the temperature of the 
original solvated-soap shown in region Z increases the solubility 
of the soap in the water, and so the colloid dispersion Y results, 
consisting of soaped-solvent in solvated-soap. Further increase 
in temperature yields the regions X and If, but, because of the 
persistence of the solvated-soap as the external phase, all these 
regions continue to show a rigidity or viscosity higher than that 
of systems of the same quantitative composition produced by 
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a lowering of temperature from a higher level. The gel first 
shows signs of liquefaction where the soaped-solvent particles 
begin to touch and thus to form the external phase, as in the 
regions V or U. It is for these reasons that the region of greatest 
ambiguity and of greatest hysteresis is found in the broken middle 
portions of the diagram {D, E, F and W, V, U). Just as long 
periods of time are required to make solution phenomena attain 
their final values, just so must mutually soluble systems subjected 
to changes in their environment be Expected to come only slowly 
into a state of their final equilibrium. 

2. Some years ago we showed, in the case of gelatin,^ that 
the “ swelling ” of this substance and its liquefaction are not 
identical processes and that the latter is not a mere continuation 
of the former. When ordinary gelatin is thrown into water, 
it swells up somewhat, but the amount of this swelhng is enor- 
mously increased if a little acid is added to the water. If lique- 
faction were a mere continuation of this swelling, then the addition 
of a little acid to a gelatin luair its gelation point ought to make 
it set. As a matter of fact, not only does this not happen, but 
the addition of such acid to a pnwiously solid gelatin makes it 
liquefy. As maintained at that time, an increased “ swelling ” 
was declared to be an increased capacity for taking up the solvent; 
an increased tendency to liquefy, the expression of an increase 
in the degree of disp(*rsion of the colloid material. 

The (joncept of the lyophilic colloid as here developed now 
permits us to stale more cle,^rly just what each of these views 
embraces. Increased swelling due to increase in hydration or 
solvation capacity means increased solubility of the solvent in 
the dispersed substance- When acid is added to gelatin (thus 
forming an acid gelatinate) water is more soluble in the newly 
formed material than in the neutral gelatin. Acid is therefore 
said to increase the swelling of protein. But an acid proteinate is 
also more soluble in water than is the neutral protein. If the 
concentration of the system is properly chosen, the addition of 
acid will therefore make a gelatin/water system, solid by itself, 
tend to remain “ in solution or, as more generally stated, the 
gelatin fails to ‘‘set.'' Expressed the other way about, the presence 

* Martin H. Fischer: Science, 42, 223 (1915); Martin H. Fischer 
and Marian O, Hooker: ibid , 46, 189 (1917); Jour. Am. Chem. Soc., 40, 
272 (1918); ibid., 40, 292 (1918); ibid., 40, 303 (1918). 
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of acid makes the gelatin liquefy’’ or go into solution.” Using 
Figs. 48 and 49 to illustrate what has been said, the addition of 
acid to a previously solid gelatin moves the whole system from 
some such lower region as Z, Y, X, or W into one of the upper 
zones hke V or U. 

3. Throughout the experiments described in the previous 
sections wc have used the formation of a dry gel as the measure 
of the “ gelation capacity ” of a colloid. We may now attempt 
to say just what this mean's. It obviously includes more than 
the term solvation aipaciiy. The latter mc^asures the solubility 
of the solvent in the colloid material and is synonymous with the 
swelling capacity. Gelation, however, includes not only this 
value but more; — namely, everything embraced within the region 
of the emulsification or enmeshing of a “ solution ” of the colloid 
material in the solvent, wil,hin th(‘ solvated colloid as an external 
“ dry ” phase. It embraces everything in Figs. 48 and 48 up 
to and including the zone V. 

4. Just above this region it is apparent that the more solid 
phase may no longer be adequate to enclose all the “ solution ” 
of colloid in solvent. When this upper region is reached the 
colloid system tends to ” sweat ” — or to use the term of Thomas 
Graham the gel shows “ syneresis.” Wc may still have before 
us a gel, but it is now no longer “ dry.” 

When the dis{)ersion of a liquid in an enveloping phase which 
is also a liquid is compared with the dispersion of a liquid in a 
more solid (crystalline) phase, (af^ indi(;ated in the zones V of 
Figs. 48 and 49) it is clear that the tendency to “ leak ” the 
liquid phase is greater and is more likely to occur early in the 
c£use of the latter system than in the former. It is for this 
reason that the more ” solid ” gels regularly show earlier and 
greater syneresis than the more “elastic” or “liquid” gels. 

J'o go sufficiently above the region U is to be in the regions 
E and I). We now no longer say that there is syneresis or that 
this has become excessive but we say that the gel has gone into 
or persists in the “ sol ” state. 

5. As a final word we should like to emphasize the fact that the 
concept of the lyophilic colloid as outlined here sets no limitations upon 
the nature of the materials that may make up such a system and 
makes no specifications as to the nature of the forces which guarantee 
the stability of the colloid system. They are in general any or all 
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the forces which appear in or are operative in solutions of the 
most varied kinds. This is emphasized because there has been, 
much written, for example, regarding the all-important effects 
of the electrical charges in determining the stability of colloids 
in general and of the lyophilic colloids in particular. We do 
not wish to deny the importance of this factor in smw colloid 
systems or under certain conditions, but it is too narrow a view 
to t4ike of what constitutes the lyophilic .;ulloids in general. While 
the play of electrical forces may be apparent in systems composed 
of soaps and water, in those of proteins and water, ^tc., lyophilic 
(Colloid systems may be built up, as illustrated in the preced- 
ing pages, of materials in which the electrical factors are either 
negligible or absent entirely. It will prove somewhat difficult, 
to say the least, to conjure up orthodt)x electrical notions in 
systems containing nothing but soaps with anhydrous alcohol, 
toluene, benzene, chloroform or ether. 


VII 

ON THE REACTION OF SOAPS TO INDICATORS 

In order to get ground materials of strictly reproducible type 
for the observations on soaps detailed in the preceding pages, 
we followed the expedient of producing “ neutral ” soaps by 
simply adding to each other, the necessary gram equivalents of 
highly purified fatty acids and carefully standardized solutions 
of alkali. We found that this method yielded more satisfactory 
results than that of others who tiied to obtain “ neutral,” “ slightly 
alkaline ” or “ slightly acid ” soaps by adding to each other fatty 
acid and standard alkali until some chosen indicator was pre- 
sumed to show the mixture neutral, alkaline or acid. As the next 
paragraphs will show, such indicator methods as ordinarily 
employed are highly falTaciousT niatteF ofTacT' thelinb 

incident to the approach to the problem by the latter method 
have long been famltiar'to the practical soap chemists, for they 
have Tor d ecades pafet determined the presence oif “ free alkali ” 
or “ free fatty acid'^ in their soaps by indirect methods. The 
following observations not only show how unreliable are the 
commonly employed indicator methods but why they must be so, 
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not only in the specific instance of the different soaps hut in all 
similar colloid-chemiml systems as represented by the most varied 
types of chemical reaction encountered in technological practice and 
in living cells under physiological and pathological circumstances.^ 
Incidentally they also bring proof for the theoretical views devel- 
oped above, according to which the system, soap-dissolved-in 
solvent is something totally different from the system, solvent- 
dissolved-in-soap. 


§1 

Our fundamental conclusion may be stated thus: When a 
“ neiilral ” soap has been produced through combination of the 
7)CC(‘ssary gram equivalents of pure fatty acid xmth standard alkak, 
it is cither acid, neutral or alkaline to such an imiicator as phenol- 
phthalein, depending upon the concentration of the water in the 
system. 

For purposes of illustration we may choose the behavior of a 
rat, her conc.entra(,ed solution of sodium oleate, as one made by 
combining oiu*. mol of fatty acid with one liter of normal sodium 
hydroxid solution (practically a molar or 30 percent “ solution ” 
of the soap in water). Phenolphthalein added to such a concen- 
trated sodium oleat, e/water system remains colorless, as shown 
in the lower portions of the test t,ube of Fig. 50. As soon, how- 
(^v(‘.r, as water is added to this colorless mixture it begins to turn 
pink, and, with increasing dilution of the soap, becomes bright 
red, as evidcnc(‘d in the upi>er portion of the tube in Fig. 50. 

What has been said of sodium oleate is true in general of all 
the soaps ((jxcepting such very low members as the formates, 
acetates, etc.) though for demonstration purposes the higher 
fatty acid soaps with their lower solubility in water are better 
than the soaps of the lowermost members in any fatty acid series. 
An indicator (like phenolphthalein) added to a chemically neutral 
sodium palmitate or sodium stearate/water system (either a solid 

^ It may be well to emphasize here that normal cells are essentially sys- 
tems of water-dissolved-m-protein Indicators are therefore trickiest when 
applied to these systems. In disease the affected cells suffer changes .which 
often are in the direction of “true” solution, in other words, the cells tend to 
develop into systems of the type, protoplasm-dissolved-in-water. Indicator 
methods become more reliable as this happens but only for those portions of 
the cell which are of this ‘Hrue” solution type. See the later pages of this 
volume. 
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gel or a liquid mixture) turns the liquid portion of the system a 
bright red while the masses of soap floating in this liquid remain 
pure white. 

The common explanation of what happens in these instances 
is, of course, that of the physical (;hemists, who assume that in 
the concentrated soap “ solution ” tliere is little hydrolysis of the 
soap, while in the more dilute one such 
hydrolysis is increased and, sodium hydroxid 
being a stronger alkali than okuc ac*id is an 
acid, an indicator at once betrays the ex(;ess 
of hydroxyl ions. 

Without listing the objections which may 
be raised against such an explanation 
(which at best accounts for but a small por- 
tion of what happens), it seems necessaiy, 
in order to get a more safisfactoiy interpre- 
tation of the whole picture, to call to mind 
the physical constitution of the lyophilic. 
colloids as previously discaissed in these 
pages and, in the case of the soaps, to dis- 
tinguish between the behavior of those por- 
tions of such systems which have the com- 
position water-dissolved-in-soap and those 
which have the composition soap-dissolved- 
in-water. The two are totally different, 
and, while indicator methods may be uscid 
in an attempt to analyze the latter, they 
need not be (and are not) so applicable to 
the former. The so-call(*d concentrated soap 
“ solutions ” are essentially solutions of the 
solvent in the soap, while the more dilute iqoujiE 50 
ones are systems of the opposite type, and 
physico-chemical methods and the laws governing dilut(‘ solutions 
may therefore be applied only to the latter. 

The correctness of these various deductions may be tested by 
the use of such an indicator as phenolphthalein upon solid soap 
gels which, as previously emphasized, represent mixed systems of 
soap-water in (solid) solvated-soap. If phenolphthalein is applied 
directly to a fresh section of sodium stearate, for example, the 
framework of the gel (in other words, the water-in-soap portion 
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of the system) remains uncolored while the contents of this frame- 
work (the soap-in-water portion) tUrns bright red. A drop of 
phenolphthalein solution dropped upon a 10 percent sodium 
stearate/ water gel remains uncolored. If, however, the gel is 
slightly squeezed (which breaks the encircling hydrated sodium 
stearate film and squeezes out the enclosed solution of soap-in- 
water) the spot turns bright-red. Any other solid soap/water 
system behaves in similar fashion. 

Another variant of the experiment may be made by warming 
a concentrated sodium oleate or other soap solution which at 
ordinary temperature fails to color to phenolphthalein. Such a 
mixture, on being warmed, turns pink. While it is ordinarily 
said that under such circumstances the hydrolysis of the soap is 
increased, it is equally true that such a temperature change marks 
a displacement in the system from a solution of the solvent in the 
soap to one of the soap in the solvent. 

To make sure, for experimental purposes, of definitely “ acid ” 
or “ alkaline ” soaps we have added to our chemically “ neutral ” 
soaps (like molar sodium oleate) known and large surpluses of free 
fatty acid or alkali. When free fatty acid is added it emulsifies 
readily in the soap, yielding a mixture more viscid than the origi- 
nal soap gel and practically as transparent as the original sodium 
oleate. Phenolphthalein added to the mixture remains colorless. 
Still, when water is added to such an obviously “ acid ’’ soap, 
the mixture turns pink or bright red as the added water is 
increased. The opposite type of experiment may be made by 
adding an excess of sodium hydroxid to the sodium oleate. 
Under such circumstances the mixture may assume a pinkish 
tinge, but this is because the excess of sodium hydroxid is hydrated 
and separates out in emulsified form in the chemically “ neutral ” 
sodium oleate.^ It is not the hydrated soap but the hydrated 
sodium hydroxid which turns pink. When instead of sodium 
hydroxid, sodium chlorid is used, such pinking of the system does 
not follow. Hydration of the neutral salt occurs and the mixture 
becomes more viscid, just as when sodium hydroxid is added, but 
since sodium chlorid is neutral and since the soap is not soluble in 
the salt-water no change in the color of the indicator becomes 
manifest. 

^ See page 93 on the salting out of soaps. 
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§3 

We emphasize these points because in technological practice 
it is often of much importance to know whether the system 
worked upon is “ acid,” ‘‘ alkaline ” or “ neutral ” in reaction. 
The above observations may serve to show with what extreme 
care any deductions derived’ from the application of indicator 
methods (or other methods of determining hydrogen or hydroxyl 
ion concentration) must be applied to such systems if they are of 
the lyophilic colloid type. The indicators may help us for those 
portions of the system which are of the composition x-dissolved-in- 
water hut they do not necessarily tell us anything of those portions 
composed of water-dissolved-in-x. 

With regard to the specific problem of soap manufacture, we 
may say that the proportions of fat (or fatty acid), alkali and 
water as chosen in common practice are such as yield only waterr 
in-soap types of systems when the cold process is followed. The 
same is true for the cooled systems when the soap is made by the 
hot process and independently of whether the soap has been salted 
out (by sodium chlorid) or not. While the soap is boiling it 
represents a mixture of water-in-soap and soap-in-water. If indi- 
cator methods are used on such a system and at higher tempera- 
tures this much may be said for them. Any boiling soap which is 
just alkaline to phenolphthalein (decidedly pink) will he less alkaline 
(colorless) when cooled. It may, on cooling, still contain free fatty 
acid, but it will not hold uncombined alkali. 

We have already emphasized the important applications of 
these principles to various biochemical reactions and to problems 
in biology and medicine.^ We shall return to the problem later 
Suffice it at this time to emphasize the fact that the reactions in the 
solid tissues of the body (including for the most part those in the 
major portions of the blood and lymph) are reactions in a medium 
analogous to a concentrated soap. The reactions, on the other 
hand, occurring in the watery secretions from the body (like the 
urine and sweat) occur for the most part, in a system analogous 
to diluted soap. Indicator methods may be applied and with a 
fair degree of accuracy only to the latter systems; their applica- 

^ See Martin H. Fischer: (Edema and Nephritis, 2nd‘Ed., 324, 512, 629, 
New York (1916); 3rd Ed., 368, 642, 765, Now York (1921). 

* See page 229. 
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tion to the former type of system must be carried out with the 
greatest caution, if, indeed, they may l)e used at all. Yet it is 
the (jommon practice of biochemists and biological workers to 
hold that protoplasm, too, is something analogous to a dilute 
solution. 

The observations detfiiled above carry with them an inter- 
esting (;orollary. TIk^ color changes of indicators aie in the major- 
ity of instaruHJS assumed to be dcp(mdent upon a play betwetui the 
concentrjition of the el(^ctrietilly charged hydrogen and hydroxyl 
ions. If this assumption is held true for phenolphthalein (or for 
any other indicator which is held to act in this fashion), and 
especially if any one maint-ains that such indicator methods may 
be af)plied to concentrated lyophilic colloid systems, then the 
conclusion is inevitable that tJwsc concentrated systems contain no 
suck wns. Th(* matter is of significance because living matter 
(normal protoplasm) does not behave, as is so widely assumed, as 
water containing a little colloid, but rather as a colloid contain- 
ing some wat(T.^ If this be triu^— and all (^xpeiimentol (evidence 
su{)[)orts sucli a coiK^lusion — then the inaterml ivhich we call living 
matter is probably amier normal eircunista rices as electrically bland 
as is a concinitrated soap solnlion, a conclusion not to be overlooked 
in a day when tlie exidanation of almost evc^ry fundamental life 
process has b(!en assumed to have been found in an electrical 
notion of some kind. This criticism is not to be misunderstood. 
DifTerenc-c's in elec'trical potential, in ionization, etc., do come 
about in living matter, but they arcMiiore probably the results of 
and the expression of injury to the involved structures than 
of their normal life. 

^ Martin H Fischer: (Edema and Nephritis, 3rd Ed , New York (1921) 
where references to the first publications on this subject may be found. 
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ON THE PHYSICAL STATE OF SOAP ^IXT^RES 

The experiments pi‘(*viously detjpled show that the differeiiit 
soaps differ among themselves in t h(‘ir absolute gelntion capacities. 
Speaking generally, linolates hold k^ss of various solvents ” 
(like water) than clKanically comparable amounts of the oleates, 
and these hold less than equimolar amounts of the stearates. 
Within the acetic series itself the lower members are less hydra- 
table than the upper. The question t henffore, arose as to what 
would happen if t wo such soaps of different hydration capacities 
competed for a fixed volume of water. This is, in essence, the 
question of technological importance when in comiiK'reial stiap 
manufacture a mixed soap is prepareil in a limited volume of 
water from tlu^ mixture of fatty acids obtained from any ordinary 
mixed glycerid. 

A first experiment undiT this head was made by adding to 
a hot sodium stearate solution incn'asing amounts of hot sodium 
oleate. "I'lie actual mixt ures are shown in Table XXII. 

The soaps were added to each otlu'r at the teunperature of a 
boiling water bath and, after careful mixing, were allowed to cool 
to 18° C. The results of thfk experiment are shown in Fig. 51. 
As indicated in th('. first bottle on the left, sodium oleate is, even 
at the maximal ciontjentration enq)loy('d in th(‘, seri(is, a mobile 
liquid. The bottle on the extreme right shows that sodium stea- 
rate at the concentration chosen is a white solid. As (‘videnead 
in the bottles between these two extremes, the presence of the 
sodium oleate interferes with the solidification of thc^ whole mix- 
ture, Even when these mixtures are kept standing for months 
they do not go solid. 

A second experiment under this heading was made by adding 
sodium oleate to sodium palmitate. The mixtures, prepared in 
a boiling water bath, had the composition shown in Table XXIII. 

The appearance of these mixtures on cooling to 18° C. is shown 
in Fig. 52. While the sodium palmitate will by itself yield a white 
solid, admixture with sodivirn oleate prevents this, and does so 
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in increasing degree with its concentration in the mixture. In 
the mixtures containing the larger amounts of sodium oleate, 
the sodium palmitate floats in masses of silky needles within a 
liquid menstruum. 



In a third experiment the effects of mixing sodium linolate 
with sodium stearate were studied. The composition of the 
mixtures is given in Table XXIV. Fig. 53 shows that when 
the previously clear mixtures prepared in a boiling water bath 
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are cooled to 18° C. the linolate with its lower absolute gelation 
capacity again dominates the mixture. While the pure stearate 
is solid, admixture with sodium linolate yields increasingly softer 
or liquid systems. 



A final experiment was made by mixing two soaps of 
the same series, namely, sodium capiylate with sodium stearate 
as indicated in Table XXV. The results of this experiment are 
visible in Fig. 54. The physical state of the soap mixtures is 
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again dominated by the soap of the lesser absolute gelation 
capacity. 

Thes(i several experiments show, therefore, that in any soap 
mixture it is the soap with the lower absolute gelation capacity 
which gives the deciding character to the mixture. In trying 
to account for this, it is of interest to point out that the simpler 
soaps, or those lowest in any series, stand closer to the ordinary 
“ salts ” of the physical chemists than do the more complex or 
higher soaps. The lower soaps, as it were, “ salt-out ” the higher 
ones as do the ordinary neutral salts when added to the soaps. 
This matter will be discussed later.* 


TABLE XXII 

Sodium Oleate — Sodium Stearate Mixtures 


(1) 

35 

cc 

m/2 sodium oleate + 70 

cc 

HjO (control) 

(2) 

7 

5 cc 



“ +27 

5 oc 

“ +70 CO m/ 10 sodium stearate 

(3) 

16 

on 



“ +20 

00 

+70OO 

(4) 

20 

oe. 



“ +16 

00 

“ +70 00 

(5) 

25 

no 



• +10 

no 

+70 00 

(6) 

30 

CO 



*■ +6 

00 

+70 00 

(7) 

35 

cc 



•• +70 

00 

m/10 sodium stearate 

(8) 

35 

cc 

HsO+70 CO 

m/10 Bodiii 

m stenrato (oontrol) 


TABLE XXIll 

Sodium Oleate — Sodium Palmitate Mixtures 
( 1) 36 CO m/2 sodium oleate +70 cc HtO (control) 


(2) 

5 cc 



“ +30 cc 

“ +70 oc m /TO sodium palmitate 

(3) 

10 cc 



“ +25 CO 

' * +70 cc 


(4) 

16 CC 



'• +20 cc 

‘ ‘ +€0 00 “ 


(5) 

20 oc 



" +16 CO 

*' +70 cc “ 

‘ ' 

(6) 

26 oc 



•• +10 cc 

“ +70 cc " 


(7) 

30 cc 



“ + 6oc 

“ +70 cc 

' 

(8) 

35 cc 



■ • +70 cc 

m/10 sodium palmitate 


(9) 

35 00 

HtO + 70 00 

m/10 sodium palmitate 




TABLE XXIV 

Sodium Linolate — Sodium Stearate Mixtures 

(1) 

36 cc m/2 sodium linolate + 70 cc 

HtO (control) 

(2) 

5cc. 


“ +30 cc 

" +70 cc m/10 sodium stearate 

(3) 

10 cc. “ 


“ +25 cc 

'* +70 cc. 

(4) 

16 cc. “ 


" +20 cc 

“ +70 cc 

(5) 

20 oc ‘ ■ 


“ +15 00 

+70 oc “ 

(6) 

25 oc “ 


+10 00 

+70 CO “ “ “ 

(7) 

30 cc “ 


“ + 5 00 

+70 CO “ " ** 

(8) 

35 cc ■ ‘ 


“ +70 cc 

m/10 sodium stearate 

(9) 

35 cc, HiO + 70 cc, m/lO sodium stearate 


^ See page 93. 
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TABLE XXV 

Sodium Caprylate — Sodium Stearate Mixtures 


(1) 

30 

cc. 

4 m aodiuin oaprylato +70 

oc 

H*0 (control) 

(2) 

1 

cc 

4 m 

+ 29 

oc 

'• +70 cc m/ 10 sodium atearate 

(8) 

2 5 

cc. 

4 m “ 

“ +27 5 

cc 

“ +70 cc 

(4) 

6 

cc 

4 ni 

•• +25 

cc 

“ +70 cc “ 

(5) 

10 

cc 

4 m 

“ +20 

CO 

“ +70 cc. “ 

(6) 

15 

00 

4 m 

“ +15 

cc 

“ +70 oc ‘ 

(7) 

20 

cc 

4 m 

+10 

cc 

“ +70 cc “ 

(8) 

26 

oc 

4 m 

“ +5 

C'! 

'• f-70cc “ 

(9) 

30 

cc 

4 m 

+ 70 

CC 

m 10 sodium stearate 

(10) 

30 

oc 

HjO+70 cc 

m/10 Hodium atearate 


IX 

ON REVERSIBILITY IN SOAPS 


§ I 


Wo noted early in our experiments that the physical con- 
stants of the alkaline earth and heavy metal soaps, as ordinarily 
prepared by preciiiitation of a sodium or potassium soap with 
the salt of a heavier rnetal, wore different from those of these 
same soaps when prepa^’ed directly from a proper fatty acid and 
a metallic hydroxid or oxid. We attributed the differences to 
admixture of the heavy metal soap with the original soap. As 
n matter of fact, we always deal in soaps thus prepared with a 
mixture, in equilibrium, of the two soaps. In order to study the 
matter further we performed the following experiments on the 
reversion of soaps of the alkaline earths and the heavy metals 
into the soaps of the alkali metals under the influence of alkali 
hydroxids. 

The results in the case of a series of oleates may be thus illus- 
trated. Molar equivalents of the hydrated oleates pictured in 
Fig. 2 and described in Table III were placed in separate vials. ' 
The actual amounts were as follows: 


Magnesium oleate 
Calcium oleate 
Lead oleate 
Mercury oleate 
Barium oleate , 


. 5 1 grams 
. 3 8 grams 
4 2 grams 
. 4.2 grams 
3 6 grams 


These soaps were covered with 10 cc. normal KOH (the amount 
necessary to convert, if possible, all the heavy soap into potassium 
soap). The appiearance of the soaps immediately after addition 
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Figure 55. 
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Figubb 56 . 
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of the alkali is shown in the upper row of Fig. 55. Within an 
hour after adding the potassium hydroxid all the soaps began 
to swell and to become covered with gelatinous films. This 
change to potassium oleate was particularly rapid in the mag- 
nesium and lead soaps. But it occurred in all, so that after an 
hour enough potassium soap was formed to make the liquids 
covering the metallic soaps show permanent foams. 

These changes occur in the cold and even when the reaction 
mixtures are not stirred. Heating and stirring, however, hasten 
the process. In either event a high degree of reversion is obtained 
as indicated by the lower row of Fig. 55, which shows the appear- 
ance of the soap mixtures after standing at room temperature 
'for forty-eight hours. So much potassium oleate had formed 
that all the systems were highly gelatinous. 

A similar reversion from the stearates of the alkaline eartJlJs 
and the heavy metals into sodium stearate is shown in Fig. 56. 
The upper row shows the vials with their molar equivalents of 
the different stearates prepared as described in Table IV (and 
Fig. 3), just after 10 cc. normal sodium hydroxid had been added 
to them. The actual amounts of soap in the vials were as follows: 


Magnesium stearate 
Calcium stearate 
Mercury stearate 
Lead stearate 
Barium stearate 


9 60 grams 

7 05 grams 

8 65 grams 
7 30 grams 
5 87 grams 


After addition of the sodium hydraxid the mixtures were kept 
warm for one hour at 75° C. The appearance of the same soap 
mixtures forty-eight hours later is shown in the lower row of 
Fig. 56. The reversion to sodium stearate is so great that all 
the mixtures are now solid gels. 


§2 

These experiments on reversion in soaps are of chief interest 
to us because the soaps in their colloid-chemical behavior are like 
the proteins of the living cell. The heavy metal soaps are like 
the heavy metal proteinat.es which are produced when the living 
cell is poisoned with lead, mercury, etc.; and just as the heavy 
metal soaps may be converted into those of the lighter metals, 
cells poisoned with heavy metals may be aided in their restoration 
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to the more normal state by the administration of properly 
chosen salts of the lighter metals.^ 

There exist, however, processes in pure soap manufacture 
which have long made empiric use of the facts detailed above. 
Instead of hydrolyzing fats with sodium or potassium hydroxid, 
they are often hydrolyzed with calcium hydroxid. Under such 
circumstances calcium soaps are produced which, as formed, have 
little or no washing ” properties. Tiie calcium soaps are then 
converted into sodium or potassium soaps by treatment with 
the carbonates of these metals. 


X 

ON THE “SALTING-OUT” OF SOAPS 2 

The previous pages ^ have shown that the absorption of water 
by various pure soaps (and hence their physical state) depends 
upon (a) the kind of base combined with a given fatty acid, or, 
with a given base (h) upon the nature of the fatty acid. It is 
the purpose of this section to describe the influence which the 
addition of different electrolytes has upon their physical state. 
We shall first describe the action of different salts upon a single 
soaj), namely, potassium oleate; later the effects of one salt 
upon different soaps. The practical and theoretical deductions 
drawn from these materials will then be correlated with the vari- 
ous empiric practices of the soap manufacturer and allied scien- 
tific studies in this field. 

1. On the “ Salting-Out ” of Potassium Oleate 

The potassium oleate used in these experiments was prepared 
by adding to the molar weight of oleic acid expressed in grams 
(282.27) 1000 cc. of a normal KOH solution. The oleic acid 
and the potassium hydroxid solution were heated separately in 
a water bath and, at the temperature of the boiling water, the 

^ See page 240. 

* Martin H. Fischer and Marian O. Hooker: Science, 48, 143 (1918); 
ibid., 40, 615 (1919); Chem. Engineer, 27, 226 and 253 (1919). See also 
page 205. 

‘See pages 10 and 15; also Martin H. Fischer and Marian O. 
Hooker: Chem. Engineer, 27, 166 (1919); ibid., 27, 184 (1919). 
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oleic acid was poured into the potassium hydroxid. The mix- 
ture was stirred and heated, with careful avoidance of evapo- 
ration, until a clear, viscid liquid was obtained. Whenever our 
stock or standard potassium oleate solution is mentioned in the 
following experiments one prepared in this fashion is referred to. 
At room temperature this stock is strongly alkaline io litmus 
paper but phenolphlhalein when added to it remains colorless.^ 

1. We tested out, first, the effects of adding different amounts 
of water to the st andard potassium oleate. The stock soap when 
prepared as fles(;ribed has the viscosity of a syrup at ordinary 
temperatures (18° C.). The addition to this of progressively 
greater amounts of water merely serves to decrease its viscosity. 

2. We next tried the effects of adding progressively greater 
amounts of various alkalies (KOH, NaOH and NH 4 ()H) to the 
standard soap. While from a chemical standpoint it matters 
little how a mixture is made, it makes much difference from a 
physical point, of vi(‘w as will be discussed later. When not 
otherwise specified the mixtun^s throughout these series were 
made in the sequence rn which they appear in the tables. In Table 
XXVI, for instance, the water was first added to the soap and 
mixed; then the KOH solution was added and the whole again 
mixed. When not otherwise specified, all combinations were 
made at room temperature which in the room employed and at 
the time at which we worked (the winter of 1917 and 1918) 
remained continuously close to 18° C. The descriptions and 
photographs refer to the appearainjc of the mixtures twenty-four 
hours later. 

Table XXVI and Fig. 57 show the effects of adding potassium 
hydroxid. It is obvious that the control soap with water mix- 
ture is a mobile liquid. The first additions of potassium hydroxid 
to this mixture serve to increase its viscosity as evidenced in the 
tubes marked 1, 2, 3 and 4. But Ix^yond this point further 
addition of the potassium hydroxid begins to bring about a 
dehydration of the soap which increases progressively until, in 
the tube marked 10, the soap is found floating as a thin layer 
at the top of the clear dispersion medium. 

The effects of sodium hydroxid upon the standard potassium 
oleate are similar to those of potassium hydroxid as apparent in 

’ See page 77 for a discussion of the meaning of indicator methods when 
applied to these soap systems. 
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Table XXVII and Fig. 58. There is at first a progressive increase 
in viscosity until a beautiful gtil is formed. Further addition 


of the alkali then brings about a 
separation of the soap from the 
water as already described for 
potassium hydroxid. 

Table XXVIII and Fig. 59 
show that none of these things 
happen when equinormal ammo- 
nium hydroxid is added to the 
potassium oleate. In fact, even 
if the concentrations of the 
ammonium hydroxid are carried 
beyond those in the table no 
gelation and no separation of 
the soap occurs. The reasons 
for this are discussed later. 

The fact of interest in these 
parallel series of (experiments is 
that the sodium hydroxid leads 
to increase in viscosity and the 
setting of the soap into a solid 
jelly at a somewhat lower con- 
centration than is thee case for 
potassium hydroxid; and this 
same shifting of effect toward 
the left is true of the separation 
of the soap from the aqueous 
dispersion medium in the higher 
concentrations of the alkali. 
To the meaning of these things 
we shall return later. 

3. We next compared the 
effects of a group of salts having 
a common base and different acid 
radicals. To simplify matters 
a series of potassium salts was 



chosen. 


The effect of the halogens is shown in Tables XXIX, XXX, 


XXXI and ^JfXXII. Photographs of the chlorid and bromid 
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series are shown in Figs. 60 and 61. It is obvious from the tables 
and the figures that these neutral salts behave in the same general 
fashion as the previously described hydroxids. With progressive 
increase in concentration there is observed in all the series a pro- 
gressive increase in viscosity of the soap until it sets into a stiff 
jelly. With further addition of the salt the .viscosity falls , a slight 
turbidness develops and, later still, separation of the soap from 
the dispersion niediurn sets in. This separation finally becomes 
so great that the soap floats as a practically dry white mass upon 
the underlying clear dispersion medium. Some difference seems 
to exist in the power with which the four halogens lead to the 
setting of the soap and its subsequent dehydration and separation. 
The difference may, however, be one of experimental error only. 



Figure 58, 


It is exceedingly difficult, as everyone knows who has worked 
quantitatively in these fields, to be sure of getting absolutely 
equal rates and degrees of mixing and thus absolutely equal 
effects when producing these various systems. 

Of other monobasic potassium salts the effects of the nitrate, 
sulphocyanate and acetate have been studied. Potassium 
nitrate acts very much like potassium chlorid as shown in Fig. 62 
and Tables XXXIII and XXXIV. With increasing concentra- 
tion of the added salt the soap first gels and then softens, though 
the solubility limits of potassium nitrate, as seen in mixtures 9 
and 10 of Table XXXIV are such as to lead to the.formation of 
nitrate crystals in the tubes and not to an actual dehydration 
and separation of the soap from the dispersion medium. 

The range from a liquid to a gel, through a secondary 
zone of liquefaction succeeded by dehydration erf the soap and 
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separation of the clear dispersion medium, is seen particularly 
clearly in the case of potassium sulphocyanate. The concentra- 



tions necessary for these successive changes may be deduced 
from Tables XXXV, XXXVI and XXXVII. The actual appear- 
ance of the tubes described in Table XXXVII is shown in Fig. 63. 
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Table XXXVIII and Fig. 64 show the effects of potassium 
acetate. As compared with the action of the other potassium 
salts thus far described, it will be seen that at equimolar con- 
centrations this acts more powerfully. The soap passes through 



all the various changes to complete dehydration even within the 
short range of concent rations detailed in the single table. 

The effects of several potassium salts of polybasic acids are 
shown in Tables XXXIX, XL, XLI and XLII and Figs. 65, 66, 
67 and 68. Dipotassium sulphate and dipotassium tartrate pro- 
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Figure 63 , 
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Figuke 65. 
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duce results practically identical with those of the potassium 
halogens when the effects of adding half molar concentrations 
of the former salts are compared with those of molar concentra- 
tions of the halogens. 

Because of the limited solubility of potassium sulphate and 
of dipotassium tartrate, Tables XXXIX and XL and Figs. 65 
and 66 only serve to show that with increase in the concentration 
of the added salts there is progressive increase in the viscosity 
of the soap until gelation or, beyond this, a secondary lique- 
faction occurs in the highest concentrations here employed. 



Figure. 66. 


However, by working at higher temperatures the concentration 
of both the sulphate and the tartrate may be increased to a point 
where the soap is “ salted-out.” 

Tables XLI and XLII with Figs. 67 and 68 show the effects 
of adding the potassium salts of two tribasic acids. Dipotassium 
phosphate (Fig. 67) and tripotassium citrate (Fig. 68) in increasing 
concentrations at first lead to gelation, then liquefaction and 
finally complete dehydration of potassium oleate. When compared 
with the action of monovalent salts, the tables and figures show 
that the initial gelations are obtained at about the same molar 
concentrations of the potassium constituent of the systems, 
though subsequent liquefaction and dehydration occ\ir somewhat 
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earlier in the case of the polyvalent acid radicals than in that 
of the simpler ones. 

4. The next problem was to determine the effects of adding 
alkali and salt together to potassium oleate. The effects of 



Figure 67 . 


different concentrations of potassium chlorid added to standard 
potassium oleate, containing two different concentrations of potas- 
sium hydroxid, are shown in Tables XLIII and XLIV. 

So far as concentration of the potassium hydroxid is con- 
cerned, Table XLIII must be compared with the second tube 



Figure 68. 


of Fig. 57 (Table XXVI); so far as the concentration of potassium 
chlorid is concerned, with the first five tubes of Fig. 60 (Table 
XXX). When this is done it is observed that the effects of the 
alkali and of the added potassium chlorid are additive. In other 
words, gelation and secondary liquefaction are apparent earlier 
in the series in Table XLIII than in the corresponding tubes of 
Figs. 57 and 60. 
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The alkali concentration of Table XLIV corresponds with that 
of tube 4 in Fig. 57 (Table XXVI). The non-dehydrating effects 
of the concentrations of potassium chlorid employed are clearly 
apparent by referring to Fig. 60 and Table XXX. While the 
concentration of alkali alone leads only to gelation of the potas- 
sium oleate, it will be seen in Table XLIV that the effect of ^.he 
potassium chlorid adds itself to this, wherefore the first tube in 
the series shows a beginning dehydjation which, with increase 
in the concentration of the addecf salt, becomes progressively 
greater until marked dehydration and separation from the clear 
dispersion medium is evident in the last tulx'.. 

Table XLV shows that such an additive effect is apparent 
also when in the presence of a fixed concentration of potassium 
chlorid diffei^nt amounts of standard potassium hydroxid solu- 
tion arc added to the standard potassium oleate. While neither 
of the substances when used alone and in the concentrations 
prevailing in the first tube lead to gelation, the two together do 
so. When comparison is made with the proper tubes of Figs. 
57 and 60, it is also apparent that the secondary liquefaction 
arul the dehydration l)egin earlier when alkali and salt are used 
together than when either is used alone. 

To complete this series, we add Tables XL VI and XLVII. 
In Table XL VI the concentration of potassium hydroxid is fixed 
.iiifl that of sodium chlorid varies, while in Table XLVII the 
concentration of sodium chlorid is fixed and that of potassium 
hydroxid varies. These tables should be compared with Tables 
XXVI and XLIX, or Figs. 57 and 70. Such comparison shows 
that gelation with subsequent liquefaction and dehydration are 
obtained earlier when the alkali and chlorid are present together 
than when either is used alqne in the concentration chosen. When 
the effects of sodium chlorid are compared with those of potassium 
chlorid, it is again apparent that the sodium salt acts more power- 
fully; in other words, the systems are shifted toward the regions 
of earlier gelation, earlier dehydration and earlier separation. 

5. We next tried the effects of adding in equimolar concen- 
trations various salts possessed of a common acid radical but 
different bases. We chose chlorids. 

In Table XLVIII and Fig. 69 (introduced as checks on Table 
XXX and Fig. 60 and on the experiments about to be described) 
are shown the effects of adding successively higher concentra- 
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tions of potassium chlorid. The control tube shows the familiar 
liquid soap. With progressive increase in the concentration of 



the salt, the viscosity of the soap mounts steadily until in the 
tube marked 10 such a solid gel is obtained that the tube may 
be turned upside down without spilling the contents. 
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Sodium chlorid produces the same general effects as potassium 
chlorid, as shown in Table XLIX and Fig. 70. When the effects 
of the two salts are compared it is seen that at the same molar 
concentration the sodium salt acts more powerfully than the potas- 
sium salt. Initial increase in viscosity, gelation and frank sepa- 
ration of dispersion medium from the soap occur earlier through- 
out in the tubes of Fig. 70 than in those of Fig. 69. 

' When ammonium chlorid is employed in the same concen- 
tration as that described above for potassium or sodium chlorid, 
an initial increase in vis cosity in the lower concentrations of the 
ammonium salt is mi to be observed. The first effect to be noted 
is a slight clouding of the soap mixture as shown in Fig. 71 and 



Table L. As more of the ammonium chlorid is added a white 
collar appears which grows progressively in thickness until the 
whol^ contents of the tube app)ear white. Microscopic ex- 
amination shows this collar to be an emulsion (of freed fatty 
acid in the remaining hydrated soap).^ 

The effects of magnesium and of calcium chlorid upon potas- 
sium oleate are shown in Tables LI and LII and Figs. 72 and 73. 
There is no increase in viscosity to be noted in either series but 
only a progressive fall. This is due to the formation of the so- 
called “ insoluble calcium and magnesium soaps. It would 
be better to say that the change is due to the formation of less 
hydratable soaps for, as previous study has shown the magnesium 
and calcium soaps absorb much less water than the corresponding 
notassium soaps. Since magnesium soap holds more water than 

* See pages 109, 136 and 176. *See page 10. 
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calcium soap the former settles out with greater difficulty than 
the latter, as may be seen by comparing Figs. 72 and 73. In 
the higher concentrations of the calcium salt, the calcium oleate 
comes down in very finely divided (colloid) form and so remains 



Figure 72. 


suspended in the liquid as shown in the tubes marked 5 and 10 
of Fig. 73. ' 

The formation of the metallic soaps with their extremely low 
hydration capacities again dominates the picture when cupric 
or ferric chlorid is added to potassium oleate. As shown in 



Figure 73. 

Tables LIII and LIV the soaps as formed tend from the first to 
collect in hard, dry lumps within the freed dispersion medium. 
Matters are further complicated in these experiments by a partial 
separation of fatty acid due to the fact that the added salts yield 
an overplus of acid on solution and hydrolysis in water. 
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2. Critical and Historical Remarks 

a. Introduction. Considered in the broad, these experiments 
descriptive of the effects of different alkalies and of different 
neutral salts upon soap are as old as soap manufacture or chemical 
industry itself. The precipitation of “ insoluble ” metallic soaps 
by the addition of salts of the heavy metals to sodium or potas- 
sium soaps is a familiar procedure m the manufacture of various 
paint products; the addition of airfrnonium hydroxid to wash 
waters has long been known to have a value in laundering proc- 
esses not shown by 0101*0 fixed “ lyes and the “ salting-out ” 
of soaps through the addition of an excess of the alkali used in 
making the soap or by the addition of ordinaiy sodium chlorid 
is a century or more old. The soap chemists are also familiar 
with the fact that in the salting-out process they often encounter? 
a “gumming” of their soap mixtures or find that these “go! 
stringy.” Nevertheless, experimental details covering all these' 
general subjects in more than partial fashion seem still to be 
meagre, and the nature of th (5 simplest findings seems not yet 
to have emerged from the realm of harsh debate. 

If the facts and theoretical considerations (!Overing the hydra- 
tion and solvation proi:)erties of the pure soaps themselves as 
previously outlined in these pages ’ are kept in mind, it becomes 
possible, we think, not only to draw together under a common 
heading many of the empiric facts of chemical industry but to 
find an explanation for theit^j in decidedly simpler terms than 
seem now to be in use. Before detailing the views of other 
workers in these fields we wish for the sake of clarity to divide 
the experiments of this section into three groups. While the 
phenomena discussed in any one of these commonly appear also 
in a second, or even in a third, such division will help to make 
clear what it, is that dominates behavior in each of the groups. 

The previous pages have shown that it is imporiarU to dis- 
tinguish between the solubility of any soap in water and the solu- 
bility of the water in that soap. Of immediate interest for our 
purposes is the fact that of the soaps of a given fatty acid but 
with different bases, ammonium soap is most soluble in water, 
potassium next and then sodium. The soaps of the alkaline 
earths are hardly soluble in water and those of the heavy metals 
1 Sae paire 69. 
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are generally regarded as completely insoluble. Looked at the 
other way about, the first named are the best solvents for water, 
while the alkaline earth soaps take a middle ground, and those 
of the heavy metals stand last. With these general truths in 
mind, it is obvious that we may classify the effects of adding 
an alkali hydroxid or of adding any salt to potassium oleate as 
follows: 

(1) a soap is formed more soluble in water and a better 

solvent for wafer; 

(2) a soap is formed less soluble in water and a poorer 

solvent for water; 

(3) no change occurs in the solubility characteristics of 

the soap. 

The last, covers, perhaps, the item of gn^at est, practical impor- 
tance, namely, that of the ordinary salt,ing-out of soaps, and that 
about which most debate has centered; but since in practice it 
is rarely seen in the pure form outlined in our experiments, but 
is more or less blurred through the simultaneous action of pos- 
sibilities (1) or (2), it is best taken up last. 

(1) A soap is formed more soluble in xvater and a heller solvent 
for water. This happens when ammonium hydroxid is added 
in any amount whatsoever to a potassium (or sodium) soap. 
In this case the viscosity of the soap mixture regularly falls. 
This behavior of ammonium hydroxid is strikingly ditfenmt from 
that of either potassium or sodium hydroxid, either of which first 
brings about a gelation of the soap^olution followed by a sc'cond- 
ary liquefaction and then a separation of the dehydrated soap 
from the dispersion medium (a solution of the alkali hydroxid 
in water). The effect of such fixed hydroxids is regularly attrib- 
uted to “ increases in alkalinity,” “ increases in hydroxyl ions ” 
and the vaguer concepts of “ adsorption ” and “ permeability.” 
It is obvious that all such explanations are inadequate, for with 
enough ammonium hydroxid at hand any degree of “ alkalinity ” 
or any numlxjr of “ hydroxyl ions ” ought also to become avail- 
able to bring about the effects observed with the fixtni alkalies, 
yet, when ammonium hydroxid is used, these effects never do 
come about. The reason is that through interaction of the potas- 
sium (or other) soap with the ammonium hydroxid, ammonium 
soap is formed, and this is more soluble in water than the original 
potassium (sodium or other) soap. The system as a whole 
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becomes “ less colloid,” approximates more nearly a “ true ” 
solution, and hence its viscosity can only fall. 

The same general effect of the ammonium radical is still appar- 
ent when instead of ammonium hydroxid some salt like ammonium 
chlorid is added to potassium oleate (see Fig. 71 and Table L). 
Here again no initial increase in viscosity is to be observed. Since, 
however, ammonium chlorid is the salt of a weak base with a 
stronger acid the secondary effect of an overplus of acid formed 
through hydrolysis also appears. By means of this acid, fatty 
acid is liberated from the soap and then remains emulsified in 
the soap. A third effect is (;x(‘,rted in this illustration by the 
unchanged ammonium chlorid and the newly formed potassium 
chlorid which exert, a dehydrating (effect (see below) upon both 
of the soaps. 

These ideas may be furtiu^r verified by using ammonium 
acetate. There is still no ])erceptible initial increase in viscosity, 
and since the salt used is more n(*arly neutral, fatty acid is not 
set free. In the higher concxuit rations of this salt the soap merely 
separates out in the usual fashion. 

(2) A fioap is formed less soluble tn, and a poorer solvent for, the 
dispersion medium. This is observed when magnesium, calcium, 
iron or copper salts ar(‘, added to a solution of potassium (or 

.sodium) oleate. Under these circumstances, too, the systems 
as a whole again become more liquid, though it is not in this 
instance because the soaps formed are mor(‘ soluble in the solvent 
or more hyd ratable but because they are less soluble and less 
hydratable and so fall out, allowing the viscosity of the pure 
solvent (essentially salt water) to come to the front. In con- 
trast to the systems described under (1), these regularly become 
milky or white while the former become more t ransparent (unless 
some secondary change like the liberation of fatty acid in emulsi- 
fied form supervenes). 

(3) The change in kind, of soap is negligible or there is now at 
all. This happens, for example, when potassium hydroxid or 
a neutral potassium salt is added to a potassium soap. Under 
these circumstances, with increasing concentration of the added 
substances, all the changes described in the above experiments 
are seen to occur. There is, first, an increase in viscosity which, 
if the amount of the solvent is not too great, results in gelation, 
followed by a secondary liquefaction resulting ultimately in com- 
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plete separation of the anhydrous soap from the dispersion medium. 
Since the nature of the changes seen under these circumstances 
covers the question of the theory of the “ salting-out ” process 
in soap manufacture (as well as that of the salting-out process 
in many other lines of chemical industry), and since many attempts 
have been made to explain these changes, it is well to interrupt 
our general argument here to review such theories, as far as they 
are known to us, before proceeding further with suggestions of 
our own. 

h. Hidorical Remarks on the “ Salting-out ” of Soaps. F. Hof- 
MEisTER 1 recorded in 1888 what seem to be the first quantitative 
studies in this field when, in st udying the “ water-attracting ” 
powers of various salts, he detennined the, minimal concentrations 
in which they would bring about the separation of a soap from 
its aqueous dispersion medium. Finding that, the ordinary mixed 
soaps gave inconstant results, he set out to discover the lowest 
concentrations of various sodium salts necessary to bring about 
a beginning turbidity in solutions of sodium oleate. In determin- 
ing this point he noted that his soap solutions frequently jellied. 
F. Botazzi and C. Victorow ^ detailed, some twenty years later, 
the effects on viscosity of adding sodium hydroxid to a Marseilles 
soap solution. Their soap (in esscmce sodium oleate) had been 
dialyzed and contained in consequence free fatty acid and what 
is commonly designated, since the work of F. Krafft and H. 
WiGLow,^ “ acid soap.” * Addition of sodium hydroxid to such 
dialyzed soap was found to be follotfved by an increase in viscosity 
which at higher concentrations of the alkali gave way to a decrease. 

‘ Franz Hofmeister: Arch f exp. Path u Pharm., 26, 6 (1888) 

*F. Botazzi and C Victorow: Acoad Lincei, 19 (1910), accessible only 
as review in Kolloid-Zeitschr., 8, 220 (1911). 

* F. Krafft and H. Wiolow: Ber d dent chem. Gesell., 28, 2566 (1895). 

* If it is true, as generally supposed, that the fatty acids are monobasic it 
becomes a difficult mental maneuver to figure out how a partial saturation 
of the replaceable hydrogen is going to yield an “acid” soap. While the 
concept is widely accepted, no one has ever isolated such an acid soap and 
the only reason for believing in it seems to depend upon the fact that a clear 
solution or jelly may be obtained when a fatty acid is only partially neutralized 
with alkali in the presence of small amounts of water. But these are the ideal 
condUionsfor the production of emulsions, the emulsions in this case consisting 
of fatty acid in hydrated soap. When the indices of refraction of fatty acid 
and of hydrated soap lie close together the mixture looks homogeneous. See 
Martin H. Fischer and Marian 0. Hooker: Science, 48 , 468 (1916); 
Fats and Fatty Degeneration, 29 and 100, New York (1917). 
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J. W. McBain and Millicent Taylor ^ observed the same facts 
for sodium palmitate at 90° C. Their “ acid ” sodium palmitate 
was first rendered “ more colloidal '' by the addition of sodium 
hydroxid and was then salted out entirely in concentrations of 
the hydroxid above 1.5 normal. 

F. Goldschmidt and L. Weissmann ^ also studied the changes 
in viscosity of potassium soap solutions when various electrolytes 
were added to them. With increasing concentration of the added 
salt, they observed a marked increase* in viscosicy “ with a strong 
tendency to jelly.” In a later study ^ they veiify this finding 
for the ammonium soap of palm kernel oil when various hydroxids 
or salts are added to it. Recently G. H. A. Clowes^ has cor- 
roborated these general findings for sodium oleate. He writes: 

“Na oleate was treated with salt at different concentrations, and it 
was found that at .4 to .45M NaCl complete precipitation of the soap 
took place. It was noted, however, that prior to precipitation a tendency 
to jelly formation was exhibited in the zone from .2M NaCl to .4 or 
.45M NaCl, . . . Further tests using varying proportions of soap, vary- 
ing profX)rtions of NaOH, and of NaCl and other salts of Na brought 
out the remarkable fact that as long as the soap employed was not too 
greatly diluted and was slightly alkaline, a jelly would be formed at all 
points between .2M Na and .45M Na, regardless of whether the Na 
was derived from NaOH, from NaCl or other salts of Na.” 

The explanations which the various authors offer of the phe- 
nomena obst^rved — if they make the attempt at all — are for the 
most part extremely complicated. We confess to large inability 
at times to understand just what they mean, for not only do the 
different authors contradict each other but their individual con- 
cepts are often self-contradictory. As well as we can understand 
them, their views are about as follows: 

Hofmkisteh does not attempt to account for the jelly for- 
mation at all, but considers the separation of the soap from the 
aqueous dispersion medium as due to the “ water-attracting 
power” of the added salt. The soap, he holds, is deprived of 
its solvent because the added salt combines with the solvent. 
This notion of Hofmeister has been much disparaged, but we 

' J. W. McBain and Millicent Taylor: Zeitschr. f. physik. Chem., 76 , 
179 (1911). 

* F. Goldschmidt and L. Weissmann: Zeitschr. f. Elektrochem., 18, 380 
(1912). 

* F. Goldschmidt and L Weissmann: Kolloid-Zeitachr., 12, 18 (1913). 

* G. H. a. Clowes: Proc. Soc. Exp. Biol, and Med., 18 , 114 (1916). 
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are of the opinion that- such a change does occur and that it is 
partly responsible for the phenomena obs(;rved in these colloid 
systems. 

Botazzi and Victorow hold that the addition of alkali to 
their dialyzed, “ acid soap ” leads to the formatiem of neutral 
soap “ which splits hydrolytically. The mole(!ules polymerize 
with the formation a true colloid solution containing micellae and 
‘ colloid ions,’ which then lead to an increase in viscosity because 
the water of the system is* held more firmly through hydration 
or imbibition.” 

McBain and Taylor, ‘ while originally insistent that their 
studies “ undoubtedly prove, in opposition to the view of Krafft, 
that the normal soaps in concentrated solution an^ not colloids,” 
conclude later,- and more corrc'ctly we think, when working with 
sodium palmitate (at 90°) in tlu^ pre.sence of sodium hydroxid, 
that they have in hand systems “ in revc'rsible equilibrium con- 
sisting of electrolyte, hydrosol and coagulum.” PIk' iiutrease in 
colloidality obseiwed in their studk's they attribute, in the main, 
to the formation of “ acid palmitate.” 

GoLDHc'HMim' and Welssmann hold that a satisfactory expla- 
nation of the clmngc's in the viscosity of theur soap under the influ- 
ence of alkalies and salts is still a matter of the future. Ihey 
emphasize as factors of possible worth changes in the hydrolytic 
cleavage of the soap and the formation of acid soap, though how 
such factors act they do not say. 

Clowes^ hypothesis reads as foljows: 

“A dispersion of Na oleate in water represents a dispersion of particles 
of oleic acid by means of NaOH. Further additions of NaOH lead to a 
more perfect dispersion of the soap particles, owing to the fact that the 
OH ion is more readily adsorbed than the Na ion. NaCl exerts a similar 
effect to NaOH, the Cl ions (‘xerting a dispersing effect analogous to that 
of the OH ions, but since they arc far less readily adsorbed than the 
OH ions their effect is considerably smaller. . . . The soap particles 
possess a negative charge attributable presumably to adsorbed anions. 
This charge prevents their coalescence until the concentration of the 
Na ions reaches such a point that they also come into play and by adsorp- 
tion on the particles tend to counteract or diminish the negative charge 
conveyed by the previously adsorbed OH or Cl ions. Wlien a certain 

1 J W. McBain and Milltcent Taylor: Ber. d deut chem. Gesell., 48, 
321 (1910). 

* 1 W McBain and Millicent Taylor* Zeitschr. f physik. Chem., 76 
179 (1911). 
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concentration of the cation is reached a critical zone commences in which 
jelly formation or precipitation appears to depend entirely upon the rela- 
tive proportions of adsorbed cations and anions. If at the commence- 
ment of this critical zone the residual negative charge ... is sufficient 
to maintain a perfect dispersion . . . jelly formation will ensue at higher 
concentrations. If this residual negative charge ... is insufficient . . . 
if agglutination, aggregation and sedimentation under the influence of 
gravity has already commenced, precipitation necessarily ensues at 
higher concentrations. ... If at th(‘ criti'^al point the sum total of 
adsorbed anions is not sufficiently in exce.ss,oi (hat of adsorbed cations to 
insure perfect disjiersion, precipitation instead of jelly formation ensues. 
This explains the necessity for a certain minimum concentration of NaOH 
with its readily adsorbed OH ions to insure jelly formation in the case 
cited above ” 


The contradictory nature of the explanations here reviewed 
is self-evident. To secun* the jiroper results CTowes holtls that 
the soap must be “ alkaline to phenolphthalein.’’ Our own soap, 
which in practice worked quite like his, was prepared by adding 
to each other thi; chemically equivalent weights of fatty acid 
and alkali necessary to yiedd a lunit ral ” soap. In the concen- 
trations in which we employed our stock soap it was not alkaline 
to phenolphthalein. The same kind of soap stock or one more 
decidedly “ acid ” was employed by all (he other students in 
this field. In fact, it would si'cm that, with thi^ exception of 
Clowes the majority of observei-s had inclined t o t he belief that, an 
overplus of acid in their soap systems w'as lu'cesssary for an under- 
standing of the viscosity changes. Nevertheless, and independ- 
ently of all hypothesis, there is reported throughout the experi- 
ments of all these workers (including our own) the same sequence 
of observed facts which has b(*en set. down in detail in the pre- 
ceding pages, namely, an initial increase in viscosity resulting 
ultimately (when the soap system is not too dilute) in gelation, 
followed by a decrease in viscosity and a gradually increasing 
dehydration and complete separation of the soap. 

c. On the Theory of the “ Salting-out ” of Soaps. We refrain 
from a detailed criticism of the views of these authors. It is 
self-apparent how all too one-sided notions of jelly formation in 
soaps (like the electrical) must come to grief as soon as it is remem- 
bered that such jellies may be produced from non-aqueous solvents 
and anhydrous soaps and under circumstances which allow of 
none of the orthodox conditions deemed necessary for the develop- 
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ment of electrolytic disso- 
ciation.’ The importance 
of “ alkalinity ” or of “ hy- 
droxyl ions ’’ disappears when 
ammonium hydroxid is found 
incapable of doing what po- 
tassium hydroxid or potas- 
sium chlorid docs; the “ al- 
kaline,” ‘‘ neutral ” or “ acid ” 
character of the original soap 
stock (;an hardly be of funda- 
mental importance when all 
three are sfien to exhibit the 
same general behavior to- 
ward added substances. 

If w(^ attempt to explain 
the successive changes which 
follow the addition of fixed 
alkali or a neutral salt to 
potassium oleate (or any 
similar soap), and try to do 
tills wit hout, recourse to too 
many or t oo violent assump- 
tions, the following seems the 
simplest way out. 

The entire series of changes 
observed in the salting-out of 
a soap by an alkali or a salt 
is readily uTiderstood if it is 
assumed that the added neutral 
salt or alkali hydroxid unites 
with the solvent to form a 
hydrate or solvate and that the 
consequent viscosity changes 
{including gelation) are de- 
pendent upon the changes in 
viscosity observed whenever one 
liquid is emulsified in a second. 


^ See the preceding sections (pages 30 to 77) on soap/ alcohol and soap/x 
systems. 
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It does not matter for our purposes whether such union with 
the “ solvent ” is brought about by the molecules or the ions or 
any other derivatives of the salt. The solvates {hydrates) after being 
formed then separate out in dispersed form in the potassium oleote. 

Diagrammatically the successive changes are illustrated in 
Fig. 74. If, to simplify matters, we represent the original pure 
potassium oleate solution as a homogen(H)us system ^ as indicated 
in tube A of Fig. 74, the effect of adding some molecules of fixed « 
alkali or salt may be represented li»y the diagram marked B. 
Hydration of the salt molecules has two effects: (1) It with- 
draws water from the original potassimn system and thus through 
increase in the concentration of the potassium oleate tends to 
stiffen the system. But this effect is probably not large as com- 
pared with (2) the effects upon viscosity of the dispersion of one 
material in a second. The increase in viscosity due to such sub- 
division of one material in a second is observed under widely 
vaiying circumstances. A good example for our purposc^s is that 
represented by the increase in viscosity w^hen one liquid (like 
cottonseed oil) is emulsified in a second (like a soap solution). 
The “ mayonnaise ” which lesults may become so stiff that it 
will stand alone.. But the same type of change is observed when 
a drj'^ sand (which flows ” readily) is mixed with a little water 
and a mass results that can be molded. Even a gas subdivided 
into a liquid will yield such “ solid ” structures as when air is 
l)eaten into a liquid white of egg to yield a “ foam.'' 

The viscosity of such diphasic systems — and it is well to bear 
in mind, in the case of the soaps, more particularly diphasic 
systems consisting of one liquid dispersed in a second or of a 
solid dispersed in a liquid — increases with every increase in the 
concentration of the internal dispersed phase and with every 
decrease in the size of the individual dispersed particles. The 
viscosity of an emulsion of liquid oil in liquid soap, for instance, 
increases as more and more oil is beaten into the soap; on the 
other hand, with a given amount of oil subdivided into a given 
volume of soap the viscosity of the mixture is increased if the 
previously coarse emulsion is made finer by “ homogenizing.” ^ 

' It is at least a diphasic system as emphasized on page 69, but for our 
purposes we will call it a monophasic one 

® For references to the literature and specific studies of the emulsions see 
Martin H. Fischer and Marian O. Hooker: Science, 48, 468 (1916); Fats 
and Fatty Degeneration, New York (1917). 
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It is such increase in the number of hydrated salt particles 
with increasing concentration of the added salt that explains 
the progressive increase in the viscosity (see diagram C) which, 
when tlie amount of water in the system is not too high, culmi- 
nates in gelation. If the concentration of the salt is still further 
increased, the time approaches when the number or size of the 
hydrated salt particles becomes so great that they touch each 
oth(^r (diagram D). When this happens a critical point has 
be(m reached and there mifet appear a change in the system, for 
the liydrated salt particles now become the continuous external 
phase while the soap particles form the intemal divided phase. 
Such change in type of emulsion even without change in the 
quantitative relationship of the two liquids composing the emul- 
sion is regularly followed by a change in viscosity. This situation 
is indicated in tube E of Fig. 74. The vis(!Osity of the system 
now tends in the direction of the salt solution and so, with pro- 
gressive additions of salt, falls. This is the region of secondary 
liquefaction after the region of gelation in our experiments. At 
this point, however, the soap system also shows the first evidences 
of becoming turbid. This is because more and more water has 
been taken from the soap and as this becomes dehydrated its 
index of refraction changcis. Being diifcirent from that of the 
dispei’sion medium the mixture appears milky. The dehydrated 
soap particles, being possesscul of a lower specific gravity than 
that of the alkaline solution or salt solution constituting the 
dispersion medium, now begin to float to the top as indi(;ated 
over F in Fig. 74. When enough salt has be(;n added to the 
system, the soap is entirely dehydrated, as shown in diagram G.^ 

3. On the “ Salting-out of Different Soaps 

The preceding pages have made clear the general laws which 
underlie the salting-out of a soap by different salts. We have 
now to consider the question of how different soaps behave when 
subjected to the salting-out effects of a single salt. 

* It is self-evident that what has been here written of the salting-out 
process as observed in soap manufacture holds with equal force for the salting- 
out processes of many other technological procedures as in anUine dye, cheese, 
and butter manufacture For the application of these principles to certain 
phenomena of “coagulation” as observed in milk, blood, muscle juice, etc,, 
see page 233. 
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There have been many studies made of this question, but for 
the most part they refer to the salting-out of mixed soaps as 
obtained from different mixed fats. Under such circumstjmces 
we are obviously dealing with the salting-out of a series of sol^.^ 
We have been able to find only a single statement covering the 
salting-out of different pure soaps by a single salt. C. Stiepel ^ 
examined the behavior of the sodium soaps of caproic, heptylic, 
caprylic, pelargonic, capric, laiiric, myiistic, palmitic and stearic 
acids towards solutions of common saft. While sodium caproate 



was not salted out by a saturated solution of sodium chlorid, 
and the succeeding four soaps remained gelatinous, the laurate, 
myristate, palmitate and stearate proved “ insoluble ” successively 
in 17.7 percent (3.02 molar), 9.03 percent (1.54 molar), 6.94 
percent (1.19 molar) and 4.92 percent (0.84 molar) solutions of 
sodium chlorid. 

These values have been verified by R. J. Kronacher,^ whose 
findings for a series of sodium salts are reproduced in Fig. 75. 

^ See for example, J. Leimd5rfer: Technologie der Seife, 1, 14, Dresden 
(1911). 

® C. Stiepel: Weyl’s Einzelschriften z chem. Tech., 1, 348, Leipzig (1911). 

* R. J. Kronacher: Personal communication (1920). 
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Molar equivalents of the different sodium soaps (1/10 mol) were 
dissolved in equal volumes of water (1000 cc.) and the whole 
brought into homogeneous solution at the temperature of a boiling 
water bath. Enough salt was then added at the high temperature 
so that on cooling the mixture to 18° C. a first separation from 
the pure dispersion medium (salt water) was observed. It will 
be noticed that as the acetic series is ascended, a lower and louwr 
concentration of sodium chlorid is required to bring about such 
separation. While in the concentrations of soap employed, 
sodium caprylate did not come out in even a saturated (ov(‘r 
5 molar) sodium chlorid solution, sodium stearate separated from 
the dispersion medium when less than a 1 molar sodium chlorid 
concentration prevailed. 

A second series of experiments to illustrate these general 
truths is presented in Table LV and P"ig. 7G. While the arrange- 
ment in these experiments is intended for use under another 
heading later, the findings fit in at this point. The experiments 
show the effects of adding the same volumes of increasingly con- 
centrated sodium hydroxid solution to equimolar amounts of 
the different fatty acids of the acetic series, only those members 
being used in which soap formation takes place at ordinary room 
temperature. (Soap is produced, in other words, by the so-called 
cold process.) 

Fig. 76 and Table LV show that only clear solutions are 
obtained in the case of fonnic and acetic acids. At the same 
molar concentration, sodium propionate begins to be salted 
out in the higher concentrations of the sodium hydroxid. As 
we pass to the sodium butyrate, sodium valerate, sodium caproatti, 
sodium caprylate, sodium caprate and sodium laurate, the salting- 
OUt effect moves little by little to the left. The experiment 
again shows therefore that a soap of the acetic series is salted out 
with increasing ease {by sodium hydroxid, in this instance) as we 
ascend the series. 

Fig. 76 and Table LV illustrate, however, a second point pre- 
viously commented upon. It will be observed that beginning 
with sodium butyrate and going up in the chemical series one or 
more tubes are filled with solid gels. This is because, as we ascend 
the series, soaps of an increasii^ gelation capacity are produced. 
The final picture seen in the photograph is therefore the 
composite represented by (o) the. production of soaps possessed 




Figure 76 . 
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by themselves of an increasing gelation .capacity and (b) of an 
increased sensitiveness to the salting-out effect by an excess of 
sodium hydroxid. 


TABLE XXVI 

Potassium Oleatk — Potmmim Hydroxid 


Confientration of mixfurp 

Remarks 

(1) 

5 

rr 

potassium oleato4 9 cc 

IljO+1 00 5 n KOH ^ 

Liquid 

(2) 

5 

CO 

“ ‘ ' 4- 8 oc 

“ +2oc “ “ 

Liijuid 

(3) 

:> 

or 

' ‘ ‘ 4 7 00 

“ +3 00 “ “ 

Gol 

(4) 

5 

CO 

“ “ 4- r> or 

" +4 oc “ “ 

Gel 

(5) 

.“i 

00 

“ 4-5CC 

*• +5co “ “ 

Beginning dehydration and sepa- 






ration 

(6) 

5 

or 

“ ‘ ' 4- 4 00 

‘ ' 4-0 00 “ “ 

Increasing dehydration and sopa^ 






ration 

(7) 

5 

00 

•• +3 00 

“ +7oo “ 

Increasing dehydration and sepa- 






ration 

(8) 

ft 

00 

■' •• 4-2oo 

•• +8 or 

Increasing dehydration and sepa- 






ration 

(9) 

5 

00 

“ “ 4 1 00 

'• +9co •• •• 

Increasing dehydration and sepa- 






ration 

(10) 

5 

00 

“ “ +10 00 

5 n KOH 

Great dehydration and separa- 






tion 

(11) 


or 

■ ‘ + 10 or 

HiO (control) 

Mobile liquid 


TABI-E XXVII 

Potassium Oleate— .S oai-urw Hydroxid 


Concentration of mixture 

j Remarks 

(1) 

5cc jiotaaaiumoleate+O 5oc HjO+0 

5cc ft I 

1 NaOH ! 

Liquid 

(2) 

5 CO 

“ +9 

cc “ 41 

cc “ 


Liquid 

(3) 

.") 00 

•• +8 

cc “ +2 

00 ‘ ‘ 


Gel 

(4) 

ft cc 

+7 

cc “ +3 

cc “ 


Beginning dehydration and sepa- 







ration 

(.'») 

5 00 

■■ +6 

00 “ 44 

00 


Increasing dehydration and sepa- 







ration 

(6) 

5 00 

•• fft 

cc “ +5 

cc * ‘ 


Increasing dehydration and sepa- 







ration 

(7) 

ft cc 

“ “ +10 

oc 5 n Na(4H 

1 

Great dehydration and separa- 







tion 

(8) 

ft cc 

“ “ +10 cc HiO (control) 


Mobile liquid 
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TABLE XXVIII 

Potassium Oleate — Ammonium Hydroxid 


Concentration of mixture j 

Remarke 

(1) 

5 cc 

putasaiurii oleate + 9 cc. H»0 + 1 cc n NILOH 

Mobile liquid 

(2) 

5 cc 

“ “ +8cc 

*• 42 cc “ 

Mobile liquid 

(3) 

6 cc 

“ +7cc 

“ 4 M cc ' ‘ ‘ ■ 

Mobile liquid 

(4) 

5 cc 

“ “ LOcc 

44 cc “ 

Mobile liquid 

(6) 

6 cc 

“ ‘ • 4 5 cc 

“ 4f» cc “ 

Mobile liquid 

(6) 

5 cc 

“ “ 44 cc 

“ 46cc “ 

Mobile liquid 

(7) 

5 cc 

“ “ 43cc 

•• 47cc '• 

Mobile liquid 

(8) 

6 cc 

“ 42 cc 

‘ ■ 48 cc “ 

Mobile liquid 

(9) 

5 cc 

“ ‘ • 4 1 cc 

“ 49 cc “ 

Mobile liquid 

(10) 

5 cc 

“ 410cc 

5 n NHiOH 

Mobile liquid 

(11) 

5 cc 

“ “ 410 cc 

HjO (control) 

Mobile liquid 


TABLE XXIX 

Potassium Oueate — Potassium Fhwrid 


('onoeutration of niixtuio i Reinaiks 


(1) 

5 cc 

potassium oleate 49 cc 

H*041 cc 2 in 

KF 

Mobile liquid 

(2) 

5 cc 


“ 48 cc 

42 cc • 


Slightly viscid 

(3) 

5 cc 


'• 47 cc 

“ 43cc 


Stiff gel 

(j) 

6 cc 


‘ • f (» cc 

•• 44 cc •• 


Stiffest gel 

(6) 

fi cc 


‘ ■ + 5 cc 

•• 45cc “ 


Viscid, faintly turbid 

(6) 

5 cc 


f 4 cc 

“ 4Ccc “ 


Slightly viscid, turbid 

(7) 

5 cc 


43 cc 

“ 47 cc “ 


Mobile, turbid 

(8) 

5 cc 


“ 42 cc 

“ 48 cc “ 


Mobile, turbid 

(9) 

5 cc 


“ 4 1 cc 

49cc “ 

• 


Mobile, turbid, beginning dehy- 
dration 

(10) 

5 cc 


“ 410 cc 

2 m KF 


Mobile, increasing dehydration 

(11) 

5 oc 


“ 410 cc 

HiO (control) 


Mobile liquid 
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TABLE XXX 


Potassium Oleate — Potasmum Chlorid 


Concentration of mixture. 

RctnarkB 

(1) 6 cc potassium oleate +9 cc H»0 + Icc 2 m KCI i 

Mobile liquid 

(2) 5cc 

“ +8ec 

“ +2cc “ “ 

Viscid 

(3) 6cc 

“ +7ec 

“ +3ec ■■ 

Stiff gel 

(4) 5cc 

“ +0ee 

“ -f 4 ce “ 

Stiffeat gel 

(5) See 

* ‘ +S ee 

“ +Scc ■■ “ 

Stiff gel 

(6) Sec 

•• f-4ee 

‘ • 4-0 cc ‘ ‘ “ 

Viscid 

(7) See 

+3ce 

“ 47 ee “ “ 

Less viscid, slightly turbid 

(8) See, 

“ +2ee 

“ 1 M ee “ “ 

Mobile, turbid 

(9) See 

+lec 

“ + 9 ec “ 

Mobile, turbid 

(10) Sec 

" -flOec 

2 in KCI 

Mobile, turbid, beginning dehy- 
dration 

(11) See 

‘* +10cc 

HjO (control) 

Mobile liquid 


TABLE XXXI 


Potassium Oleate — Polasmurn Bromid 

Concentration of mixture 

Hemiii ks 

(1) 

5 cc 

potassium oleate 40 0 ee H 2 O 4-4 0 ce 2 m KBi 

Stiff gel 

(2) 

5 ee 


•• 4S Oee " 4-0 Occ " “ 

Stiffest gel 

(3) 

S ee 


•• 44 Oee •• 4-ti Oce “ “ 

Less stiff gel 

(4) 

5 ee 


43 Se( “ 4-6 See “ “ 

Less stiff gel 

(5) 

5 cc 


•• 4-3 Oee “ 47 Oee ’• “ 

Mai kedly less stiff 

(6) 

S ce 


•• 4-2 See -47 See •• “ 

Mai kedly less stiff 

(7) 

5 ce 


4-2 Oee “ 48 Oee “ ’• 

Markedly less stiff 

(8) 

S cc 


41 See •• t-8 See “ “ 

Markedly less stiff 

(8) 

S ee 


4-1 Oee •* 49 Occ “ “ 

Beginning dehydralion 

(10) 

5 ee 


“ 40 S ee 49 S ec “ “ 

Increasing dehydration 

(11) 

5 ec 


“ 410ee2inKBr 

Marked dehydration 

(12) 

5 ec 


•• 4-10 ec H 2 () (control)* 

Mobile liquid 


TABLE XXXI 1 

Potassium Oleate — lodid 


Concentration of mixture 

Remarks 

(1) 

See potassium oleate 4-8 ec 

H 2 O 4-2 cc 2 m KI 

Slightly viscid 

(2) 

5 cc 

■' 4-7 ee 

*• 43ce 

Stiff gel 

(3) 

S cc 

*• 46 ee 

“ 4-4ce “ •' 

Stiffest gel 

( 4 ) 

5 cc 

•• 4-Sce 

“ 4-Sec “ “ 

Stiff gel 

(5) 

5 cc 

“ 44 cc 

“ 40 ee “• “ 

Viscid 

(6) 

5 cc 

“ 4-3 ec 

47cc “ 

Slightly viscid 

(7) 

See. 

4-2 cc 

“ 48cc *• “ 

Slightly viscid 

(8) 

6 cc 

■' 4-1 ec 

•• 4-9 cc “ “ 

Beginning dehydration 

(9) 

5 cc 

“ 4-10 cc 

2 m KI 

Increasing dehydration 

(10) 

6 cc 

“ 410 cc 

HiO (control) 

Mobile liquid 
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TABLE XXXIII 


PoTASHiiiM Olkato — PotmsiuTti Nitrate 


Conrentratioii of mixture 

1 

Remarks 

(1) 

5 oc 

potassium olcato+9ee 

H,0 + 1 ec m KNOs 

Mobile liquid 

(2) 

5 ec 


“ +8ec 

“ 42ee “ “ 

Mobile liquid 

(3) 

5 ec 


“ +7 ce 

•* +3ee “ “ 

Liquid 

(4) 

a ec 


“ +6 ec 

• • +4 ec “ ‘ ■ 

Increasing viscidity 

(5) 

5 CO 


'• +.')ee 

“ 4 3 ec “ “ 

Increasing viscidity 

(0) 

5 ec 


■■ f4ee 

+0ee “ 

Increasing viscidity 

(7) 

.'i ee 


“ 4 3 ee 

“ f 7 ee “ “ 

Increasing viscidity 

(8) 

T) ee 


' ■ 4 2 ee 

" 4«ee ‘‘ “ 

Increasing viscidity 

(9) 

5 ee 


“ + 1 ee 

“ M) < e • ‘ “ 

Gel 

(10) 

f) ee 


+10ee 

m KNOa 

Gel 

(in 

5 ee 


“ +10 ee 

H>() (control) 

Mobile liquid 


TABJ.E XXXIV 


Potassium Olkate — Poiassium Nitrate 


(Concentration of mixture 

Remarks 

(1) 

5 ee 

potassium oleate4-S) ee 

H20+1 ee 4 m KNOa 

Mobile 



(2) 

5 ee 

•' +Hee 

“ +2ee “ 

Gel 



(3) 

5 00 

“ 47 ee 

• ■ 4 3 ee ' ‘ 

Stiff gel 



(4) 

5 ee 

“ “ +0 ee 

• ■ 4 1 ee • • 

Stiff gel 



(3) 

5 ee 

“ 4.'’)ee 

+:>ec “ 

Viscid 



(0) 

f) i-e 

+4ee 

“ to ee " 

Viscid 



(7) 

5 ee 

43 ce 

• • 1 7 ,.e “ 

Less viscid 



(8) 

r-t <’e 

■■ f2ee 

“ 1 H ce • ‘ 

Less viscid 



(9) 

T) ee 

i-lee 

■ • 4 9 (‘c “ “ 

Less viscid, 

crystallization 

of 





KNO, 



(10) 

5 ec 

“ •' +I0ee 

4 m KNOj 

Less V scid. 

crystallization 

of 





KNOi 



(in 

3 ee 

‘ “ + 10 ee 

HjO (^mtiol) 

Mobile liquid 




TABLE XXXV 


Potassium Olkate — Potassium Svlphocyanate 


Concentration of mixture 

Remarks. 

(1) 

6 cc 

potassium oleate +9 cc 

HsO 4 1 cc m KCNS 

Mobile liquid 

(2) 

5 ee 


*• +8cc 

+2ce ’• 

Mobile liquid 

(3) 

5 cc 


*• +7ee 

“ +3ce “ 

Increasing viscidity 

(4) 

5 cc 


“ +0ce 

“ +4 ce “ •• 

Increasing viscidity 

(5) 

5 cc 


“ +5cc 

+5ec *■ 

Inoreaeing viscidity 

(6) 

3 cc 


“ +4 ec 

“ +()ec “ “ 

Increasing viscidity 

(7) 

5 cc 


“ +3ce 

“ +7 cc •• “ 

Gel 

(8) 

5 ec 


‘ • +2 ce 

“ 48 cc •' “ 

Stiff gel 

(9) 

5 cc 


“ +1 cc 

“ +9cc “ •• 

Stiff gel 

(10) 

5 cc 


“ +10 cc 

m KCNS 

Stiff gel 

(11) 

6 cc 


“ 4 10 cc 

HjO (control) 

Mobile liquid 
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TABLE XXXVI 

Potassium Oleate — Poimmim Svlphocyanate 


Cnncentraiion of mixture 


Remarks 


(1) 

6 PC 

potassium oleate+6 Occ HjO+4 0cc.2mKCNs| 

Stiff gel 

(2) 

5 PC 


“ +6 Opp *• 

+ 5 Occ “ 

Stiff gel 

(3) 

5 PC 


“ +4 Occ ■■ 

+ 6 Occ “ 

Less stiff gel 

(4) 

5 pp 


+3 5pp “ 

+ 6 See “ 

Less stiff gel 

(5) 

r> CP 


+3 Occ ■■ 

+ 7 Occ “ 

Viscid liquid 

(«) 

5 PC 


“ -f2 App “ 

17 5cp “ 

Viscid liquid 

(7) 

5 PC 


“ +2 Opp 

Occ “ 

Liquid 

(S) 

5 pp 


“ +1 fiPP “ 

+ 8 See “ 

Liquid 

(9) 

T) pp 


“ + 1 0 pp “ 

+ 9 Occ “ 

Liquid 

(10) 

5 PC 


•• +0 r.pp •* 

+9 5cc “ 

Liquid 

(ID 

5 CP 


•• +10PP 2 m 

KCN8 

Liquid 

(12) 

5 PC 


■■ +10 CP HjO 


Mobile liquid 


TABLE XXXVII 

PoTAssniM Oleate — Potmmum Snlphocyanate 


Concentration of mixture 

Remarks 

(1) 

5cc 

potassium oleate +6 Occ 

H 2 O +4 Occ 4 m KCNS 

Turbid, liquid 

(2) 

5pp 

" “ +5 Occ 

“ +r) Opp “ 

Turbid, liquid 

(3) 

5 CP 

“ “ +4 Occ 

“ +0 Opp “ 

Turbid, liquid 

(4) 

5 CP 

*' " +3 ficp 

“ +6 See “ 

Beginning dehydration 

(5) 

5 PC 

“ “ +3 Occ 

“ +7 Occ “ 

Increasing dehydration with 





decrease in amount of soap gel 
and increase in collar of dehy- 
drated soap 

(B) 

5cc 

“ “ +2 5cc 

“ +7 .See “ “ 

Increasing dehydration with 





decrease in amount of soap 
gel and increase in collar of 
dehydrated soap 

(7) 

5oc 

“ " +2 Occ 

“ +8 Occ i‘ 

Increasing dehydration with 





decrease in amount of soap 
gel and increase in collar of 
dehydrated soap 

(8) 

fipp 

“ “ +1 5pp 

•• +8 5cc “ 

Increasing dehydration with 





decrease in amount of soap gel 
and increase in collar of dehy- 
drated soap 

(9) 

See 

+1 Occ 

“ +9 Occ " " 

Increasing dehydration with 





decrease in amount of soap gel 
and increase in collar of dehy- 
drated soap 

(10) 

See 

;■ " +0 See 

*• +9 5cc “ 

Increasing dehydration with 





decrease in amount of soap gel 
and increase in collar of dehy- 
drated soap 

(11) 

5cc 

“ “ +10co 

4 m KCNS 

Increasing dehydration with 





decrease in amount of soap gel 
and increase in collar of dehy- 
dration soap 

(12) 

6 PC 

•' “ +10cc 

HjO (control) 

Mobile liquid 
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TABLE XXXVIII 

PoTABSiUM Ole ATE — Potassium Acetate 


Concentration of mixture 

Remarks 

(1) 

6 cc. potaasmm oleate + 9 cc HiO + l cc. m KClJsHiOi I 

Mobile liquid 

(2) 

6 cc 

“ “ + 8 cc 

“ 42cc “ 

Mobile liquid 

(3) 

5 cc 

' ‘ “ +7 cc 

“ 43 cc “ 

Viscid, slightly turbid 

(4) 

6 cc 

“ “ + 6 cc 

'■ 44cc “ 

More viscid and turbid 

(5) 

5 cc 

“ “ +5 cc 

“ 45 cc “ 

Soft, turbid gel 

(6) 

5 cc 

'* “ 4-4 cc 

“ 46cc “ 

Beginning dehydration 

(7) 

6 cc 

“ “ +3 cc 

“ 47cc •' 

Increasing dehydration with sep- 





aration of white soap 

(8) 

6 cc 

“ “ 4 2 cc 

“ 48 cc " ■' 

Increasing dehydration with sep- 





aration of white soap 

(9) 

5 cc 

“ “ 41 cc 

“ 49 cc “ “ 

Increasing dehydration with sep- 





aration of white soap 

(10) 

5 cc 

“ “ 4 10 cc 

m KCiHkOi 

Increasing dehydration with sep- 





aration of white soap 

(11) 

5 cc 

" ‘ • 4 10 cc 

H:0 (control) 

Mobile liquid 


TABLE XXXIX 


Potassium Oleate — Dipotassium Sulphale 


Concentration of mixture 

Remarks 

(1) 

6 cc 

potassium oleate 4 9 cc HjO 4 1 cc m/2 K)804 j 

Mobile liquid 

(2) 

6 cc 


48 cc 

“ 42 cc “ 

Mobile liquid 

(3) 

6 cc 


“ 47 cc 

43 cc “ 

Liquid 

(4) 

5 cc 


‘ ‘ 4 6 cc 

“ 44 cc “ 

Liquid 

(5) 

5 cc 


“ 45 cc 

'■ 45 cc 

Increasing viscidity 

(6) 

5 cc 


“ 44 cc 

•• 46;-c “ 

Increasing viscidity 

(7) 

5 cc 


“ 43 cc 

“ 47cc “ 

Increasing viscidity 

(8) 

5 cc 


“ 42 cc 

“ 48cc •' 

Increasing viscidity 

(9) 

6 cc 


“ 41 cc 

“ 49cc “ 

Gel 

(10) 

5 cc 


“ 410cc 

m/2 Kj804 

Gel 

(11) 

6 cc. 


•' 410 cc. 

HjO (control) 

Mobile liquid 
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TABLE XL 


PoTABKiiJM Ole ATE — DipotoHstum Tartrate 


Concentration of mixture. 

Remarka 

(1) 5cc 

potasBium oleate +9 cc 

H*0 + lcc.mKiC«Hi0« 

Mobile liquid 

(2) 5cc. 

*• +8cc 

“ +2cc “ 

Liquid 

(3) 

“ f7oc 

“ +3 00 “ 

ViBCid liquid 

(4) 5 cc 

“ ■' +0 00 

'■ +4 CO “ 

Gc! 

(5) 5 cc 

•' 4-.'ioc 

“ +5oo “ 

Stiff oat Kol 

(6) 5 CO 

-f-4 00 

“ -|-G or “ 

Gel 

(7) 5 00 

“ “ +3co 

“ +7 00 

Gel 

(8) 5 00 

f2oo 

“ +8oo “ 

Viscid liquid 

(9) 5 00 

‘ ■ + 1 00 

+9 00 “ 

Liquid 

(10) 5 oc 

“ -flOoo, 

m KjCilLOe 

Liquid 

(11) 6cc 

“ +10 CC 

HtO (control) 

1 Mobile liquid 

TABLE XU 


PoTAKSiUM Ole ATE — iyi f}oUumirti Phosphate 


Concentration of mixture 

Remarks 

(1) See 

potaeaium olente+9 cc 

H 2 O + I cc m KjHPOf 

Mobile liquid 

(2) 5cc 


•• +8cc 

*• +2cc “ 

Liquid 

(3) 5 00 


“ +7tc 

“ +3co •• 

Clear viscid liquid 

(4) 5co 


“ +6 00 

“ +4cc “ 

Clear stiff gel 

(5) 5 00 


+.5 00 

“ +.5 oc " 

I'urbid liquid 

(6) 5 cc 


•• +4 00 

“ +()CC “ 

Turbid liquid 

(7) 5 00 


+3 00 

+7 cc. “ 

Turbid liquid 

(8) 6 00 


•• +2 00 

“ +8co “ 

Beginning dehydration 

(9) 5cc 


■' +1 00 

“ fOco '• 

Greater dehydration 

(10) 5 00 


■’ +10 or 

' m K 1 HPO 4 

Greatest dehydration, dispersion 





medium milky 

(11) 6 cc 


“ +10 Of 

' H»0 (control) 

• 

Mobile liquid 


TABLE XLII 

PoTAHsiTTM Oleate — Tnpotassium Citrate 


Conoontratioii of mixture 

Remarks 

( 1 ) 

6 cc 

potasium oleate +9 co 

HiO + 1 cc III 

KiCtHsOi 

Mobile liquid 

( 2 ) 

5 CO 

+8 CO 

•' +2 00 “ 


Liquid 

(3) 

5 00 

“ +7oc 

+3 00 “ 


Clear gel 

(4) 

5 cc 

•• “ +600 

“ +4 cc 


Clear ■viscid liquid 

(5) 

.5 cc 

+.5 00 

+.5 00 •• 


Clear liquid 

(6) 

5 cc 

“ +4cc 

+ 60 C 


Turbid liquid 

(7) 

.5 cc 

“ “ +,lcc 

“ +7 00 “ 


Beginning dehydration 

(8) 

5 CO 

+ 2 cc 

“ + 80 C “ 


Great dehydration 

(9) 

6 cc 

" +lco 

" +9ce " 


Groat dehydration 

( 10 ) 

a cc. 

“ +IO0C 

m KjCeHtOr 


Great dehydration 

( 11 ) 

5 cc. 

“ “ +10 cc, 

HtO 


Mobile liquid 
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TABLE XLIII 

Potassium Ole ate — Potassium Hydroxide Potassium Chlorid 




Cnnrontration of mixture. 


Remarks. 


(1) See potassium uleate + 2 cc 5 

nKOIH-7cc HaO+lcc m KCl 

Stiff gel 


(2) 

6 cc 

“ + 2 cc ‘ 

‘ “ +6cc 

-f- 2 cc “ ‘ ' 

Stiff gel 


(3) 

5 VC 

“ -f 2 r<‘ ‘ 

“ +5rr 

“ +3cc “ “ 

Stiff gel 


(4) 

5cv 

“ -f 2 rr * 

■ “ +4 rr 

“ h4 cc ■ ■ “ 

Stiff gel 


(5) 

6 re 

“ -|- 2 rr ‘ 

• “ +:irc 

“ .+ 5 re “ “ 

j Less stiff gel, slightly 
turbid 

(0) 

5 cc 

“ f2rc ‘ 

‘ “ +2rc 

“ -|-()cr “ “ 

Decrcaaingly stiff 
slightly turbid 

gel, 

(7) 

5 re 

+2rr ■ 

• •• +lcr 

“ -f-7 rr “ 

Decrrasingly stiff 
slightly turbid 

gel. 

(H) 

6cc 

“ +2rr ■ 

• •• +Hrr 

m KCl 

Decrrasingly stiff 
slightly turbid 

gel, 

(9) 

(10) 

See “ 

“ +2 re ‘ 

* • -f 10 cc 

-f- 8 cc 
HaO (control) 

llaO (control) 

Gel 

Mobile liquid 



TABLE XLTV 

Potassium Ole ate — Potassium Hydroxid-\- Potassium Chlorid 





Gonrcntration of mixture 


Remarks 


(1) 

flee potassium oleate +2 cr 10nKUH + 7cr 

H»D + lrr m KCl 

Gel, beginning 
dration 

dehy» 

(2) 

fl cc 


“ 4-2ic 

“ +Grr 

•• +2rr “ “ 

Gel, increasing 
dration 

dehy- 

(3) 

fl rr 


“ +2rr 

• ‘ ‘ + fl re 

•• +Hce “ “ 

Gel, increasing 
dration 

dehy- 

(4) 

flee. 


•• +2 re 

“ •• , + 4rc 

“ +4cc *' “ 

Gel, increasing 
dration 

dehy- 

(ri) 

fl ec. 


+2rr 

“ “ +3rr 

“ + fl rr “ “ 

Gel, increasing 
dration 

dehy- 

(0) 

fl cc. 


'■ +2rr 

*• •• +2rr 

“ +0cc “ 

Gel, increasing 
dration 

dehy- 

(7) 

fl cc 


“ -f2cc 

“ +lrr 

“ + 7 rr ■ ‘ “ 

Gel, increasing 
dration 

dehy- 

(8) 

fl cc. 


+2rr 

“ •• +8rr 

lu KCl 

Marked dehydration 
and separation 

(9) 

(10) 

flee 

flee. 


'• +2 re 

• ‘ +10 cc 

“ +8cc 

HtO (control) 

H*0 (control) 

Clear gel 

Mobile liquid 
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TABLE XLV 


Potassium Ole ate — Potassium Chlorid-\- Potassium Hydroxid 




Concentration of mixture 


Remarks 

(1) 

5 cc. potassium oleate+2 cc m 

KCl + Tcc HjO+Icc SoKOhI 

Viscid 

(2) 

5 cc 

‘ ‘ ‘ +2 cc ‘ ‘ 

“ -f-0 cc 

‘ ‘ +2 cc “ 

Stiff gel 

(3) 

5 CO 

‘ ‘ ‘ +2 cc " 

“ -|-5 cc 

“ -1-3 cc “ 

Stiff gel 

(4) 

5 CC 

•• -1-2CC " 

“ +4 cc 

“ -f4cc “ “ 

Less stiff gel, begin- 
ning dehydration 

(5) 

5 cc 

‘ “ -f 2 cc " 

“ -|-3 cc 

“ -fScc “ 

Increasing dehydra- 
tion and separation 

(6) 

5 cc 

■ “ +2 cc ‘ 

■ +2cc 

‘ • -t-0 cc ‘ • 

Increasing dehydra- 
tion and separation 

(7) 

5 cc 

■ “ +2cc ‘ 

• •• +1 cc 

“ -f-7 cc 

Increasing dehydra- 
tion and separation 

(8) 

5 cc 

•• f2cc • 

‘ •• +8oc 

5 n KOH 

Increasing dehydra- 
tion and separation 

(9) 

5 cc 

' ‘ ' -f 2 cc ‘ 

• “ +«cc 

HjO (control) 

Mobile liquid 

(10) 

5 cc 

“ flOcc 

HiO (control) 

Mobile liquid 


TABLE XLVI 

Potassium Oleatk — Potassium H ijdr and -{-Sodium Chlond 





C^oncentration of mixture 


Remarks 

(1) 

6 cc potassium oleate -|-2 cc 5 n KUH -f 7 cc 

HiO-h 1 cc mNaCl 

Stiff gel 

(2) 

5 cc 


•• +2cc 

• •• -l-bcc 

“ -h 2 cc ‘ ‘ ' 

Htiff gel, slight tur- 
bidity 

(3) 

5 cc 


* ‘ -j-2 cc. 

‘ " -|-C> cc 

•• -h3cc “ •• 

Stiff gel, slight tur- 
bidity 

(4) 

6 cc 


“ -f-2cc 

‘ “ +4 cc* 

“ -h4 cc “ 

Stiff gel, slight tur- 
bidity 

(6) 

5 cc. 


“ -f 2 cc 

■ ‘ ’ -+-3 cc 

“ -h 5 cc “ 

Stiff, gel slight tur- 
bidity 

(6) 

5 cc. 


“ -f 2 cc. 

‘ “ -f2cc 

•• -h6cc “ “ 

Gel with beginning 
dehydration and 
separation 

(7) 

5 cc 


•• -f-2cc 

“ -hi cc 

“ -h7 cc " “ 

Great dehydration 

and separation 

(8) 

5 cc 


“ -1-2 cc. 

“ “ -fScc 

ni NaCl 

Great dehydration 

and separation 

(9) 

5 cc 


“ -|-2 cc 

“ “ -fS cc 

HiO (control) 

Viscid 

(10) 

5 CO 


“ -flO cc 

HiO (control) 


Mobile liquid 
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TABLE XLVII 

Potassium Ole ate — Sodium Chlorid-{- Potassium Hydroxid 





Concentration of mixture 

Remarks. 

(1) 

6 cc 

potassium olcate-f 2 oc ra NaCI +7 cc HaO -floe 5nKOH 

Viscid 

(2) 

5 cc 


“ +2 cc. 

‘ “ -f6cc “ -f 2 cc “ “ 

Stiff Bel 

(3) 

5 cc 


“ -f 2 cc 

‘ " -f 5 cc. " -f 3 cc “ “ 

Stiff gel, slight tur- 
bidity 

(4) 

5 cc 


“ -f- 2 cc 

‘ “ f4cc “ f4rc “ ■' 

Stiff gel, beginning 
dehydration and 

separation 

(5) 

5 cc. 


“ +2cc 

4- 3 cc “ f 5 cc “ “ 

Increasing dehydra- 
tion and separation 

(6) 

5 cc 


“ -f 2 cc 

-f 2 cc “ -f cc “ “ 

Increasing dehydra- 
tion and separation 

(7) 

5 cc 


-f 2 cc 

-f 1 cc “ -f 7 cc “ “ 

Increasing dehydra- 
tion and separation 

(8) 

a cc 


“ -f2cr 

• -f-8cc 5n KOH 

Increasing dehydra- 
tion and separation 

(9) 

.*) cc 


“ -f2cc 

‘ “ -1-8 cc H*0 (control) 

Mobile liquid 

(10) 

5 cc 


“ + 10 cc 

H»0 (control) 

Mobile liquid 


TABLE XLVIII 

Potassium Ole ate — Potassium Chlond 


Concentration of mixture 

Remarks 

(1) 

6 oc 

potassium oleate -f 9 cc 

HiO-blcc mKCl 

Liquid 

(2) 

5 cc 



-f 8 cc 

“ 4-2cc “ '• 

Liquid 

(3) 

6 cc 



4-7 cc 

“ 4-3cc •• •• 

Liquid 

(4) 

5 cc 



4-6 cc 

“ 4-4 cc •• “ 

Slightly viscid 

(6) 

5 cc. 



4-5 cc 

•* 4-5*cc “ •• 

More viscid 

(6) 

5 cc 



-f 4 cc 

“ 4-6CC “ '• 

Gel 

(7) 

6 cc 



f 3 cc 

“ 4-7cc “ •• 

Gel 

(8) 

5 cc 



4-2 cc 

“ 4-8cc '• ■* 

Stiff gel 

(9) 

5 cc 



4-1 cc 

“ 4-9 cc “ “ 

Stiff gel 

(10) 

6 cc 



4-10 cc 

m KCl 

Stiff gel 

(11) 

5 cc 



4-10 cc 

. HjO (control) 

Mobile liquid 
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TABLE XLIX 

Potassium Oleate — Sodium Chlorid 


Concentration of mixture 

RemarkB 

(1) 

5 cc 

potaBBium oleate -f 9 cc 

HjO + 1 oc m NaCl 

Liquid 

(2) 

5 00 

+8oc 

“ +2 CO, “ 

Lui iiid 

( 3 ) 

6 00 

“ +7 00 

“ +3 00 “ “ 

SliRhtly viscid 

( 4 ) 

5 oo 

“ +<ioo 

“ +4 00 “ “ 

Gel 

( 5 ) 

T) 00 

“ + :> 00 

“ + 5 oo “ “ 

Gel 

(0 

5 00 

“ “ + 4 oo 

“ +f)00 “ “ 

Gel 

( 7 ) 

5 00 

*• -f3oo 

“ ^ 7 co “ •• 

Loss visoid Rpi 

(8) 

T) 00 

" “ T2oo 

*• +8 OP •' “ 

BoRimiinK dehydration and sepa- 





ration 

( 9 ) 

5 00 

“ -f 1 00 

*■ |-1»oo “ “ 

Increased dehydration and sepa- 





ration 

(10) 

5 00 

“ 4-IO00 

m Na(’l 

InorpHsed dehydration and sepa- 





ration 

(11) 

T) 00 

■■ +10 00 

HiO (oontrol) 

Mobile liquid 


TABLE I. 

Potassium Oleate — Ammonium Chlorid 




Concentration of mixture 

Hcniarks 

(1) 

.1 00 

potassium oleate +9 cc 

HrO + 1 00 in NHifM 

Mobile, slightly turbid liquid 

(2) 

f) 00 

“ “ +800 

“ + 2 00 “ ' ‘ 

Mobile, slightly turbid liquid 

( 3 ) 

S 00 

“ “ + 7 cc 

•• +3 Of •• '• 

Mobile, slightly turbid liquid 

( 4 ) 

5 00 

“ +6cc 

“ +4 00 “ 

Mobile, slightly turbidhquid with 
progressively thicker collar 

(70 

5 cc 

“ “ +5 cc 

•• +:)00 •• “ 

Mobile, slightly turbid liquid with 
progressively thicker collar 

(fi) 

5 cc 

“ “ + 4 cc 

“ +r.oo •• 

Mobile, slightly turbid liquid with 
progressively thicker collar 

( 7 ) 

5 cc 

“ “ + 3 cc 

*■ + 7 cc “ “ 

Mobile, slightly turbid liquid with 
progressively thicker collar 

(8) 

5 oc 

'• +2oo 


Mobile, slightly turbid liquid with 
progressively thicker collar 

( 9 ) 

5 00 

“ “ +1 00 

" +9 00 “ 

White mobile liquid 

(10) 

5 00 

+10or 

m NH^Cl 

White mobile liquid 

(11) 

5 00 

’■ +10 or 

■ HiO (oontrol) 

Mobile liquid 
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tablf: LI 


Potassium Oleate — Magnesium Chlorid 


Conoentratinii of ntixturr 

Remarks 

(1) 

5 cc 

potamium oleate f 9 cc 

HjO + loc ni/lOOMuCh 

Mobile transparent liquid 

(2) 

a (•(! 

“ “ + 8cc 

“ + 2 00 “ “ 

Slightly cloudy 

(3) 

5 CO 

“ -f 5oc 

“ 4- .■) 00 

Mobile milky liquid 

(4) 

.’l CO 

“ +10 cc 

111/ 100 MkCI* 

Mobile milky liquid 

(5) 

5 rc 

“ ■ • + K CO 

H 2 O + 2 00 ni/10 \l«cia 

Mobile milky liquid 

(0) 

5 cc 

“ “ + r. cc 

+ .') 00 “ , 

Thick milky liquid 

(7) 

5 cc 

“ " flOoo 

III ' 10 MkCIj 

Thick milky liquid 

(8) 

5 cc 

‘ ' “ 1 10 CO 

Hjt) (control) 

Mobile liquid 


TABLE LI I 

PoTAHHiiJM Oleate — Calnurn Cfdorui 




Concenti atioii of mixture 

Remarks 


(1) 

5 cc 

potassium oleate + 9 cc 

Hi0 4 1 ic 111 / 100 CaCh 

More liquid than control 


(2) ,5 00 

•• + 8co 

“ +2cc '• 

Some white precipitate 


(3) 

5 00 

“ “ + r> 00 

+r, 00 

Increasing amount of 
precipitate 

white 

(4) 

5 00 

+10 cc 

m/100 CaC’b 

Increasing amount of 
precipitate 

white 

(5) 

6 00 

“ ‘ ■ + 8 00 

H*() + 2oo m+ 0 ('aCl 2 

Increasing amount of 
piecipitate 

white 

(0) 

G cc 

“ +3 00 

' ■ + 3 00 

Milky w-lnte 


(7) 

5 cc 

“ “ +10 oc 

ni/10 CaCli 

Fluid as water 


(8) 

5 cc 

“ +IO 00 

IfjO (control) 

Mobile liquid 
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TABLE LIII 


Potassium Oleate — Cupric Chlorid 



Concentration of mixture 


Remarks 

(1) 5 cc potassium oleate +9 99cr 

H»O4-0 01 cc mCuClj 

Clear liquid 

(2) 5cc 

“ +9 8 cc 

“4-0 2 

cc “ 

Turbid liquid 

(3) 5cc 

■' " -f9 6 cc 

“ 4-0 5 

cc “ “ 

More turbid liquid 

(4) 5cc 

“ “ 4-9 0 cc 

“ +1 0 

cc “ “ 

Milky liquid 

(5) 5 cc 

“ “ 4- 8 0 cc 

“ 42 0 

cc “ “ 

Dry niasBes of copper soap 
swimnung in fiee dispersion 
medium 

(6) 5 cc 

“ “ 4“ 7 0 cc 

“ 4-3 0 

PC “ " 

Dry masses of copper soap 
BWimmiiuj in free dispersion 
medium 

(7) 5cc 

" ” 4-9 0 cc 

“ 4-4 0 

cc ' * 

Dry masses of copper soap 
swimming in free dispersion 
medium 

(8) 5 cc 

“ “ 4" •> 0 cc 

“ 4-5 0 

cc “ “ 

Dry masses of copper soap 
swimming in free dispeision 
medium 

(9) See 

“ " 4-4 0 cc 

“ 4-0 0 

cc 

Dry masses of copper soap 
swimming in free disyeision 
medium 

(10) See 

•• 4-3 0 cc 

“ 4-7 0 

cc “ “ 

Dry masses of copper soap 
swimming in fiee dispersion 
medium 

(11) 6cc 

“ “4-2 0 cc 

“ 4-8 0 

cc “ “ 

Dry masses of copi er soap 
swimming in free dispeision 
medium 

(12) 5cc 

“ “ 4-1 0 cc 

“ 4-9 0 

cc 

Dry maBses of copper soap 
swimming in free dispersion 
medium 

(13) 6cc 

“ “ 4- 10 cc m CuCh 


Dry maBses of copper soap 
swimming in free dispersion 
medium 

(14) 5cc 

“ “ -l-lOce H»0 (control)* 

Mobile liquid 
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TABLE LIV 

PoTASPiUM Oleatk — Feme Chlorid 




Concentration of mixture* j 

Remarks 

(1) 

5 (■(' 

potaHBiurn olcatc + l) cc 

HjO f 1 cc ni/100 EeCh 

Turbid liquid 

(2) 

5 VC 

• ' -f X cc 

•■ H-2CC 

Inorcaiungly turbid liquid, sus- 
pmidod particles of inci easing 
size 

(H) 

5 c*e 

• • -( 5 cc 

H-.i cc 

IncrcaainKly turbid liquid, sus- 
pended particles of increasing 

size 

(4) 


'■ +0cc 

■ H 1 cc m 10 PVClj 

Increasingly turbid liquid, sus- 
pended particles of increasing 
size 

(5) 

.1 (T 

‘ ‘ +.S cc 


Increasingly turbid liquid, sus- 
pended pai tides of increasing 
size 

(H) 

5 VC 

••Hr. cc 

•• H-r. cc •• 

Increasingly turbid liquid, sus- 
pended pai tides of inci easing 
size 

(7) 

.i rr 

•• +‘»cc 

“ Hire in FcCI . 

R(*ddisli coaguliiin of iron soap 
floating in freed dispersion 
medium 

(8) 

.) 1 f 


•• fJee 

Reddish cougulum of iron soap 
Hoating in freetl dispcision 
medium 

(•i) 

.) cc 

• • H- 7 cc 

•• f.'lcc •■ “ j 

Reddish coagulum of iron soap 
lloiitiiig in freed dispersion 
medium 

(10) 

.) 

•• IL’CC 

'■ t-X cc 

Reddish coagulum of iron soap 
floating in fieed dispersion 
medium 

(11) 

f) cc 

•• H-lOn 

c H.'O (lontiol) 

Mobile liquid 
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TABLE 

Gelation and Salting-out of Various Fatty 


Mol wt 

Fatty acid 

Amount 

Condition of mixtures after 24 hours upon addition 

in era 1118 
('/gj mol) 

n 

2 n 

3 n 

4 n 

5 n 

40 

Formic 

0 0727 

Clear liquid 

Clear liquid 

Clear liqiiifl 

(3car luiiiid 

f^lcur liquid 

00 

Acetic 

0 0048 





“ 

74 

Propionic 

0 1100 






8K 

Butyric 

0 1390 





.. 

102 

Valeric 

0 1012 



.. .. 



110 

Caproic 1 

0 1832 






144 

Caprylic 

0 2275 

1 




Solid white 

soap 

Solid white 
soap 

172 

Capne j 

] 

0 2718 


Solid white 
soup 

Solid white 

soap 

Partly 
salted out 

Completely 
Baited out 

200 

1 

Luunc 

0 3160 

1 

1 

Solid white 

soap 

Solid white 

SOU]) 

Solid while 

soap 

Completely 
salted out 

Completely 
salted out 

Tube number 

1 

2 

3 ! 

4 

5 
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LV 

Acid — Alkali Mixtures of the Acetic Series 


at 20“ C of 5 (•<• Hodium hydroxid of Ihe following ronoontrations<. 


0 n 

7 n 

S n 

» II 

10 11 

11 n 

12 n ! 

H,0 

Clear liquid 

Clear liquid 

Clear liquid 

C'lear liquid 

Cleai hiyiid 

Clear liquid 

i 

Clear liquid 

Clear liquid 



“ “ 1 


Slight salt- 
ing out 

Completely 
Baited out 

Completely 
salted out 

“ .. 




Visnd wluto 

soap 

Slight suit- 
ing out 

Completely 
salted out 

Completely 
Halted out 

.. 


Viseul wliite 

80)11) 

Parth 
salted out 

Coiiqiletelv 
salted out 

rouqilelelv 
s.dted out 

Completely 
Halted out 

Completely 
salted out 

“ 

ViHoid white 
snap 

Viseid white 
Moap 

V’lsf 111 white 

soap 

Solid w hill- 
soap 

Solid white 

soap 

Solid white 
soap 

Completely 
salted out 

Arid float- 
ing on 

water 

Solid while 

soup 

Solid white 

soup 

Paitlv 
salted out 

K’oinpletelv 
salti-d out 

Completely 
salted out 

Completely 
salted out 

Completely 
Sid ted out 

Acid float- 
ing on 

water 

(’oinpletoly 
salted out 

f 'onipletelv 
salted out 

('oiiipletelv 
salted out 

Conqiletelv 
salted out 

Coiiiplefc'lv 
Baited out 

Conipletelv 
salted out 

Completely 
salted out 

Acid float- 
ing on 

water 

Completely 
salted out 

Completely 
salted out 

Completely 
Hill fed out 

Completely 
8ult(>d out 

• 

Completely 
salted out 

Completely 
salted out 

Completely 
salted out 

Acid float- 
ing on 

water 

6 

7 

8 

1) 

10 

11 

12 

Control 
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XI 

THE FOAMING, EMULSIFYING AND WASHING PROPERTIES 
OF SOAPS 

There is still much debate as to what is the property of soaps 
(and similarly acting compounds) which when added to water 
favors the production and maintenance of foams or emulsions. 
Without first entering upon a discussion of the theories whicih 
have been proposed, what do the colloid-chemical facts outlined 
in the preceding i)ages contribute toward a possible solution 
of the problem? In the sev(^ral series of soaps described w(‘, have 
thus far correlatcnl their chemical composition and that of the 
various “ solvents ” used with them, with various physico- 
chemi{;al properties of the resulting systems. What is the relation- 
ship between such a property of a soap as it,s hydration capacity 
and its ability to yudd a foam; or what is th(^ relationship between 
this hydration value and the produ(;tion and maintenaruH*, of an 
emulsion? A proper answer to these questions may prove of 
help for the solution of that secondaiy technological problem 
which concerns the washing propi^rties of soap, which, as now 
held by various authoi’s, are intimately associated with its foaming 
and emulsifying qualifiers. The following paragraphs show that 
the foaming, emulsifying and washing properties of soaps are a 
function, in the main, of their hydrfiphilic colloid character. Only 
Ithose soaps foam or emulsify which under the conditions of their use 
I yield liquid and hydrated colloids. 

1. The Foaming Properties of Soaps 

We need to begin these parjigraphs by a definition of what 
constitutes a foam. As ordinarily understood, it is a subdivision 
of a gas in a li(iuid. There exist also, however, what may be 
termed solid foams, namely, subdivisions of a gas in a solid, as 
in ordinary pumice, but since such solid foams were invariably 
produced when the now solid phase was liquid, these are really 
only a subclass of the liquid foams. When not otherwise specified 
we refer in these pages only to the liquid foams and the conditions 
surrounding their production and maintenance. 
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It is of importance next to distinguish between the production 
of a foam and its maintenance after production. Authors who 
have written on this subject have rarely done so. Mere contact 
between a gas and a foaming agent does not, produce a foam — the 
gas must be stirred, blown or mixed into it. When we speak 
off-hand of a foam-producing material we really mean something 
which will stabilize the foam once it is produced. 

§1 

In order to discover if any relationship existed between the 
colloid properties (or more particularly the hydration capacities) 
of different soaps and their foaming qualities we chose for first 
study th(‘ sodium soaps of the ac^etic acid seri(5s. To obtain com- 
parable results, 10 cc. of equimolar solutions ” of th(i different 
soaps wen^ j)laced in tall test-tubes (30 cm.X2 (;m.) and shaken. 
In order that, all might be Inaiit'd equally from the point of view 
of foam production, all the tulx's w(U’('. clamjred in a frame, the 
shaking being continued for thirty seconds. For reasons which 
will become clear later, the temperature is an important factor 
and must, 1x5 watched can^fully. Moreover, since the systems 
resulting at any fix<xl tem]x^rature wlxm soap/water mixtures 
ai’e brought to the desired temjx'rature from a higher point differ ^ 
fjorn those which result when they are brought to such temper- 
ature from a lower ono, all the soap “ solutions ” about to be 
described were started at a low tempt;rature and then brought 
to the higher ones. Tubes, water and soaps were therefore all 
first reduced to t he lowest temixirature used in these experiments, 
namely, 8° C. After they had remained at this temperature for 
twenty-four hours tlx*, proper molar solutions were made by mix- 
ing the soaps with the water. After another period (twenty- 
four hours) of standing and can^ful mixture until (apparent) 
homogeneity had been attained, the tubes were shaken violently 
for thirty seconds to permit of the formation of foam. They 
were photographed after four minutes, then left to themselves 
for two hours, still in the thermostat, and photographed a second 
time. After this first scries of observations, the tubes with their 
reaction mixtures were then warmed to the next higher temper- 
ature, namely, 26° C. and kept at this for twenty-four hours. 

^ See page 74. 
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After shaking, photographing, allowing to rest and rephoto- 
graphing, we repeated the whole process at 50° C. and finally 
at 100° C. 

The results obtained in the case of the sodium soaps of the 
acetic acid series at the concentration 2 m. are shown in the photo- 
graphs of Figs. 77 and 78. This was really an attempt to dis- 
cover where in the series and at what concentration foaming 
will be^in. At 8° C. (tk; lowermost row of tubes in Fig. 77) 
it is apparent that no foam is formed by the formate, acetate, 
propionate, butyrate or valerate of sodium. There is just a sug- 
gestion of a foam in the case of the caproate, but clear formation 
of such does not begin until the caprylate is reached. At this 
temperature soaps higher ^ in the series fail to yield homogeneous 
mixtures solutions ”) with the water. The mixtures also do 
not foam. The absence of t.he tulxjs from the s(‘ries in this 
and the subsequent photographs expresses this fact. 

When the temperature is raised to 26° C. the findings are much 
the same except t.hat the caproate shows no signs of foaming and 
the caprylate less than at the lower tempc'-rature. At 50° and 
100° C. the picture is largely repeated — t he caprylate alone foams, 
though less than at the lower temperatunis. Fig. 78, which 

^ These higher soaps take up the water offered them but yield such viscid 
systems that they are practically solid In consequence, air cannot be easily 
shaken or beaten mto them Just as m the case of the emulsions (see Martin 
H Fischer and Marian 0 Hooker: Fats and Fatty Degeneration, 36, 
New York (1917)) the production of a foam is best accomplished when the soap 
is present in a medium concentration and when the resulting system is essen- 
tially a liquul hydrated colloid. At ordihary temperatures the soaps of the 
acetic series, especially the higher ones, are all more solid even in the 
presence of considerable water, than the soaps of the less saturated fatty 
acids. For this reason none of them is as good a foaming or emulsifying 
agent as an olcate, linolate or other liqwul soap. 

In general, the melting points of the soajis of the acetic series lie par- 
allel to but above that of their fatty acids All the fatty acids below 
caproic are liquid near 0° C or below Caprylic acid is liquid at 16.5°; 
capric at 31.3°; lauric at 43 6°; myristic at 53.8°; palmitic at 62°; margario 
at 60°; stearic at 69 3°; arachidic at 77° C. 

The lowermost soaps of the acetic series are “soluble” in water and yield 
liquid systems even at a low temperature. In the middle of the series and at 
ordinary temperatures the aisetic series soaps yield liquid hydrated coUoid 
systems with water, and are the best foam producers. Above this they yield 
highly viscid to solid hydrated systems and less favorable ones for foam pro- 
duction. Rise in temperature shifts the whole arrangement to the right, the 
lower soaps going into the region of the true solutions of soap in water and 
thus losing their foaming qualities while the higher ones move from the region 
of the hydrated solid colloids into that of the hydrated liquid ones. 
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Figure 77. 






140 


SOAPS AND PROTEINS 


shows the appearance of these tubes two hours later, indicates 
that the foams do not last. They die down fastest at the higher 
temperatures, the greatest permanency, in other words, being 
shown by the foams produced_ai_thc loweLieinperaturcfi. 

It is well to state at once what we hold to be the relationship 
between these findings and our previous considerations of the 
hydrophilic properties of these soaps. The lowermost soaps form 
only solutions in water, they show no hydrophilic prop(‘rties, 
and they do not foam. Sodium caprylate, with its mom distinct, 
even though still low, hydration capacity, yields the first satis- 
factory foam. It does this best, however, at a low temperature. 
At this it has its liighest hydrophilic value. To raise the temper- 
ature of this soap/water system is to make the sodium capiylate 
go into true solution in the water, and as this happtms the hydro- 
philic colloid properties of the system are diminished, and, simi- 
larly, the foaming properties. The higlu'r soaps do not foam 
because not enough of them “goes into solution” to yield a 
(liquid) hydrated colloid system — the water, in other words, 
is either taken up to form an essentially solid mixture into which 
the air cannot be driven, or the soap is so “ insoluble ” that 
the water remains “ free ” and hence there is no lasting foam. 


It will be noticed that the first foaming qualities in these 
soaps developed in the exp(5riment»just described at the concen- 
tration 2 m. If the experiment with these soaps is repeated at 
the concentration m, the previously Joaming soaps no longer foam 
while soaps higher in the series v)hich did not foam now do so. The 
former of these truths is readily apparent if tbe vertical set of 
tubes marked 7 (the caprylate) in Fig. 77 is compared with the 
similarly numbered set of Fig. 79. To explain this finding we 
would say that in the lower concentration of sodium capiylate 
illustrated in Fig. 79 the soap is more nearly in “ true ” solution 
and that the hydrophilic properties of the system are diminished 
in proportion. But the next higher soap, namely, sodium caprate 
(the tubes 8 of Fig. 79) foam nicely. At 8° the sodium caprate 
does not foam. Moak foanung is obtained at 26°, with less at 
the two higher temperatures 5(F and 100° C. 

To explain these findings it must be recalled that at the tern- 
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perature 8® C. sodium caprate is still solid and remains essentially 
only mechanically subdivided in the water. When the temper- 
ature is raised to 26° C. the “liquefaction^' point of the soap in 
water is exceeded. In this region most of the soap is in the 
slate of a (liquid) hydrophilic colloid, least in true solution, and 
the greatest foam production is in consequence manifest. At 
the two higher temperatures a shift in the soap/water system 
occurs in the direction of true solution of the soap in the water 
at the expense of the water in the soap fraction and hence the 
diminished tendency In foam. 

Fig. 79 shows well how this general law is repeated as we 
ascend in the soap scries. Sodium laurate fails to foam at the 
temperatures 8° and 26° C. At 50° a decided foam appears 
•as evidenced in the tubes marked 9, the foaming being increased 
at 100° C. Sodium myristate fails to foam at the three lower 
temperatures. At 1(K)° C., as shown in the tube marked 10 of 
the top row of Fig. 79, it foams beautifully. Not until the temper- 
atuie lies above 50° docis the myristate yield a (liquid) hydro- 
philic colloid (and a foam). Even at this highest temperature 
sodium palmitate, as indicated in tube 11 of Fig. 79, foams only 
badly. The soap absorbs all the water offered, to yield a thick, 
gelatinous mass into which the air does not enter easily. The 
resulting foam is therefore practically a solid one. 

Fig. 80 shows how t,he tubes just described look two hours 
later. It is easily observed that the foams die down most rapidly 
(a) in the lower soaps and (6)* at the higher temperatures. 

§3 

Figs. 81 and 82 respectively show the foaming characteristics 
of the sodium soaps of the acetic series at the concentration m/2 
immediately after the production of the foams and two hours 
later. It will be observed that at tliis concentration the caprate 
is the lowest member to yield a foam; the amount of foam 
produced in all the caprate tubes of this series (the vertical row 
marked 8) is distinctly less than in the corresponding set of tubes 
of Fig. 79. The laurate foams at this lower concentration almost 
as well as at the higher concentration previously described. It 
is noteworthy, however, that in Fig. 79 (the concentration m) 
the better foam is obtained at the temperature of 100° C.; in Fig. 
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81 (the concentration m/2) at 50° C. This is dependent, in our 
judgment, upon the more perfect solubility at the lower con- 
centration of the laiirate in the water, with diminution of its 
hydrophihe colloid properties as the temperature is raised. 



r u 

.1 


i 


Figure 79. 

Fig. 82 shows the appearance of the foaming soaps just 
described after liaving been left to themselves for two hours at the 
designated temperatures and again demonstrates that foams die 
down fastest in the lower soaps and at the higher tempera- 
tures. 
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§4 

In order to test further the general truth of the relationship 
between hydration capacity and foaming qualities of the different 
soaps, we next studied the potassium soaps of the acetic acid 
series. As previously descrilxid,' the ix>iassium soaps are more 
soluble in water and have a highef'spTu^ity j(i/: ^ater than the 
cofresponSing sodiurn soaps. It was in consequence to be expected 
at (a) that the potassium soaps would not 

begin foaming as early as the corresponding sodium soaps, (b) that 
this foaming quality would be lost earlier with increase in temper^ 



aiure and (c) that the soaps of the higher fatty adds would show 
distinct foaming qualities at temperatures at which the corresponding 
sodium soaps would he so “ insoluble ’’ or yield such solid systems 
with water as to make foaming impossible. The truth of these 
^ See pages^l4 and 23. 
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general statements is illustrated in Figs. 83, 84, 85, 86, 87 
and 88. 

Fig. 83 shows, when compared with Fig. 77, that the foaming 
of 2 m potassium soaps at four different tempe'-ratures does not 
begin until potassium caprylate is reached. This soap foams 
slightly at 8° C. but loses this quality as soon as the temperature 
is increased. The first potassium soap to show a lasting foam 
at the several temperatures is the caprate (the tubes 8 of Fig. 



83). Fig. 84 shows the appearance of these tubes two hours 
later. The foam has disapi^ared entirely from the only caprylate 
which showed foaming quahties and from the caprate kept at 
the highest temperature. 

Figs. 85 and 86 show the behavior of potassium soaps of the 
acetic series at the concentration m. The caprate is the first 
in the series to foam, but the laurate and myristate also foam. 
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The potassium soaps, it is obvious, begin to foam at lower temp er- 
atures than the corresponding sodium soaps (see Fig. 79) but 
they also lose this quality sooner with increase in temperature.’ 
When the tube marked 11 of the potassium series (Fig. 85) is 
compared with the corresponding tube of the sodium series 


W 



if;'" 


Figube 82. 

(Fig. 79) the more liquid character of the potassium soap/water 
system evidences itself by the better foam production. Fig. 
86 shows how the foams of the potassium soaps look at the end 
of two hours. It is again obvious that they die down earlier 
in the series of the potassium soaps than in the corresponding 
sodium soaps, or, put another way, they last longest in the higher 
members of the potassium soaps and at the lower temperatures. 
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PiGTJBB 84. 
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Figure 86. 
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Fig. 87 illustrates the foaming qualities of the potassium soaps 
of the acetic series in the concentration m/2. The first soap to 




Fiottre 87 . 

show any foaming is the caprate, but its foam dies down completely 
in two hours, as shown by its absence in the series of tubes marked 
8 of Fig. 88. It will be observed when the laurale, myristate, 
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palmitate and stearate tubes (the series 9, 10, 11, and 13 of Fig. 
87) are compared with the similarly numbered tubes of Fig. 85 
that these potassium soaps foam decidedly better at the m/2 
concentration than at the higher concentration. The foams also 
last well, as evidenced when Fig. 88 is compared with Fig. 87. 
Fig. 88, taken two hours after the foaming was produced, again 
shows that the persistence of a foam rises with the position of a 
soap in the series and falls with increase in temperature, once the 



Figubb 88. 


soap/water systems have been warmed above their liquefaction 
points. 
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2. The Emulsif3ruig Properties of Soaps 

We wish now to discuss the relationsliip which exists between 
the emulsifying properties of the different soaps and their hydra- 
tion capacity. Excepting as the concentration necessary for emulsi- 
fication is different {usually higher) the same general truths hold for 
emulsification previously expressed for foaming. 

An emulsion is, by definition, a mixtiire of two immiscible 
liquids in each other. But from any two liquitls such as oil and 
water, two types of emulsion may be prepan'd, Hu* one consisting 
of a subdivision of oil in water, the otla^r of water in oil. Milk, 
which readily mixes with water and wets a pafx'r dipped into it, 
may l:>e cited as an example of the former. Butter, which will 
mix with oil but not with water, which greases paper and imparts 
jan oily feel to the touch, may b(^ cated as an (ixample of the latter. 
jThe type of emulsion important for an analysis of the emulsifying 
properties of the ordinary soaps is that represented by the sub- 
division of oil in water. 

In the discussion of emulsification we must also distinguish 
between (a) the mer <3 production of an emulsion and (6) its 
stabilization after i)roduction. Just as in the case of foams, the 
fonner represents essentially a imH^hanical pro(;ess — the one 
liquid must by some means or other be divided into the second. 
When we talk about emulsifi(;ation or emulsifying ag(3nci(3S with- 
out modifying clauses we usually mean methods or substances 
through which an emulsion produced by mechanical means may 
be stabilized. 

It has been shown previously ^ that an oil cannot be sub- 
divided permanently into pure water, and that the so-called 
emulsifying agents which make possible the permanent sub- 
division of oil in water are hydrophilic (lyophilic) colloids. Among 
I the best representatives of this group are the soaps. As ordi- 
narily employed for emulsification purposes the soaps are, of course, 
mixed. The quantitative studies on the hydration capacities of 
the different pure soaps outlined in the preceding pages, now 
allow us to test out this whole concept of emulsification more 
accurately. What is the relationship between the hydrophilic 
properties of any soap and its emulsifying power? 

1 Martin H. Fischer and Marian O Hooker: Science, 43, 468 (1916); 
KoUoid-Zeitschr , 18, 129 (1916); Fats and Fatty Degeneration, New York 
(1917). 
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In order not to lengthen this discussion unduly, the experi- 
mental facts in the case may be summed up as follows: those soaps 
are the best emulsifying agents which at the temperature of their use 
and in Oie presence of waier yield essentially liquid systems of the 
type water-dissolved-in-soap. For this reason the oleates, lino- 
lates, etc., are, of all the soaps studied, the best emulsifiers at 
ordinary (room) temperatures because, besides having high hydra- 
tion values, they are liquid. 

The sodium soaps of the acetic acid series when used in equi- 
molar concentration show the following characl eristics, the soaps 
of the lowermost members through the caproate yield no perma- 
iKuit emulsions. If a sodium caprylate or sodium caprhte/water 
system is kept just above its liquefaction point, a permanent 
(‘mulsion may Ix^ obtained. A slight rise in temperature, how- 
ever, makes for separation of the oil from the water phase. The 
same is true for the sodium soaps of the higher fatty acids. At 
low tenqM'ratures sodium myristate, sodium pahnitate, sodium 
stearate, etc., in water do not emulsify, but if the temperature 
of these mixtures is rais(‘d so that the soaps “ go into ^olutioi]^’^ 
(in reality yield liquid colloid systems of the type water-qissolved- 
in-soap) permanent emulsions can be obtained at once. With 
too great increase in temperature, however, the emulsions again 
ci-ack, and the oil separates off. 

In inteipretation of these general findings it may be said that 
the lowermost soaps do not emulsify because they yield jonly true 
solutions of the soaps in the winter. The systems, in otlijcr words, 
have no hydrophilic properties or, put another way, j-he water 
in them is essentially “ free ” and permanent emulsifipation of 
oil in such “ free ” water cannot be obtained. With the develop- 
ment of distinctly hydrophilic proj^erties by the soaps in the middle 
of the series emulsification becomes possible, but only jvhile the 
systems are liquid and of the type water-dissolved-in-so^p. Only 
slight further increase in temperature, however, is necessary in 
the case of soaps like the caprylate and caprate to carry them 
through this region into the reahn of the true solutions of soap 
in water, and as this happens permanent emulsification again 
becomes impossible. 

Similar facts hold for the soaps of the higher fatty acids. 
An oil cannot be emulsified in any of these higher soaps even 
when possessed of a high hydration capacity as long as they are 
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solid. But as soon as the temperature is raised sufficiently the re- 
sulting liquid colloid systems emulsify splendidly. The matter is 
illustrated for the case of sodium palmitate in the right-hand bottle 
of Fig. 89. In this 60 cc. cottonseed oil were ground into 20 cc. 



m/16 “ solution ” of the soap in a hot water bath. At this 
temperature a fine emulsion results. As soon, however, as the 
temperature is allowed to drop to 25® for a few hours the system 
cracks, as shown in the left-hand bottle of Fig. 89. If, however, 
the temperature is maintained above the liquefaction point of 
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the sodium palmitate/water system, permanent emulsification 
results, as evidenced in the right-hand bottle of Fig. 89. The 
higher soaps, moreover, maintain their high hydration values (as 
liquids) through a considerable range of temperature, wherefore 



further increase in temperature does not serve so quickly to break 
an emulsion stabilized in those higher soaps as in the case of the 
lower ones. The higher soaps, in other words, do not pass as 
quickly as the lower ones into the class of the true solutions of 
soap in water. 
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It is possible to tost out these general notions by using the 
potassium soaps instead of the sodium soaps of the acetic acid 
series. The potassium soaps being in gtmeral more soluble in 
water and more nearly liquid at a given temperature than the 
corresponding sodium soaps, permanent emulsification requires 
either (a) a higher concentration of the potassium soap or (h) 
a lower temperature or (r) a soap higher in the series. It there- 
fore requires more of a soap low in the series like potassium capry- 
late or caprate to the unit Volume of water to yield a permanent 
emulsion. | The emulsions so produ(;ed also break easily upon 
slight increase in temperature. On the other hand, the potassium 
soaps of the higher fatty acids, whi(4i in th(^ presence of water 
yield rnorci liquid systems even at ordinary temperatures than the 
corresponding sodium soaps, may be used to obtain permanent 
(‘uiulsions when the corresponding sodium soaps will not act. 
Potassium laurate, myristate or prihnit,ate mixtures with water- 
act as splendid emulsifying agents at low tempciratures at which 
the corresponding sodium soaps ai-(; useless. Even potassium 
palmitate acts well when the temixjrature at which it is used 
lies but slightly above the ordinary room temperatur-o. This 
is illustrated in the left-hand bottk'. of Fig. 90. The potassium 
soaps being more readily soluble in water than the corr-esfronding 
sodium soaps with increases in temperature, the fine emulsion 
produc(’.d in hyrl rated potassium palmitate cracks as soon as the 
hanperaturc; is raised to that of a boiling water bath. This is 
shown in the right-hand bottle of ^ig. 90. In this experiment 
also, 60 cc. cottonseed oil were emulsified in 20 cc. m/16 potassium 
palmitate by grinding in a mortar. 

3. On the Theory of Foaming and Emulsification 

While we have no direct interest in theories of foaming and 
emulsification, it is difficult to work in these fields without inquir- 
ing into the nature of the conditions which make foaming and 
emulsification possible. 

It would seem from the experiments which have been detailed 
above and in our previous publications on emulsification that 
permanent foaming or emulsification is possible only as the liquid 
into which a gas or a second liquid is dispersed is changed from 
one possessed of the physico-chemical constants of the pure dis- 
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persion medium into another possessed of those characteristic 
of a liquid hydrated colloid. 

From a gas and a liquid, as from two immiscible liquids, it 
is possible, of course, to produce two types of systems represented 
in the first instance })y the disiK'-rsion of a gas in a liquid (a foam) 
or of a liquid in a gas (a fog) and represented in the second instance 
by the dispersion of the liquid a in 6 (as oil in water) or the dis- 
persion of the liquid h in a (as water in oil). When one regards 
as a whole the field of the dispersoids. consisting of gas plus liquid 
and similarly that of the disptirsoids consisting of liquid in liquid, 
one is cpiiekly struck by the fact that lasting dispersions of gas 
in liquid (foams) can be more readily produced than the opposite 
type of systxan; while certain licpiids a can be more readily 
emulsified in a second b than vi(;e V(^rsa. 

In trying to discover what is the first general relationship 
which determines this behavior, it has seemed to us that a pre- 
viously expressed o])inion ’ covers the case satisfactorily. Other 
coridit'wnH remain) acj the same, that material is dispersed within 
any seeond wlucJi in response to niecJianical deformation shows 
the shorter breaking length. Our meaning may be illustrated 
by reference to t'igs. 91 and 02. When air and some liquid 
like liquid hydrated soap arci subjected to a deforming move- 
ment (like the b(‘at of a flail) it is obvious that the gas 
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Ficjure 91. 
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■ Hydrated Sodium Oleate 


Figure 92. 


will “ break ” sooner than the litiuid (columns of hydrated soap. 
The soap will, in other words, be drawn into longer threads or 
coherent surfaces than will the air, in consequence of which 
the gas will become enmeshed within the hydrated colloid, and 
a foam will result. 

What happens in the case of two liquids is represented diagram- 
matically in Fig. 92. If the middle line of the diagram is taken 

» Martin H Fischer and Marian O. Hooker: Fate and Fatty Degen- 
eration, 32, New York (1917) 
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to represent the breaking length of oil threads, the breaking length 
of a soap, like hydrated sodium oleate, is represented by the lower 
line of the diagram. P'or this reason, other things being equal, 
the oil tends to break info droplets sooner than the hydrated 
sodium oleate which in consequence remains the non-dispersed 
or enveloping phase. There are, however, other soaps which, 
while capable of hydration, yield liquids whose fibers tend to 
break sooner when drawn into threads than does hydrated sodium 
oleate, or which at the ordinaiy temperatures employed are so 
nearly solid that they break into short fragments. Magnesium 
oleate, sodium stearate, etc., may be cited as hydrated soaps of 
this type. Their breaking length may be represented diagram- 
matically, as compared with the breaking length of an oil, by 
the upper line of Fig. 92. Other things being equal, these materi- 
als, therefore, tend to become (uirneshed within the oil, yielding, 
in other words, emulsions of the type water-in-oil. 

The experiments detailed above, in which were compared 
the emulsifying properties of different, soaps (like sodium palmi- 
tate and potassium palmitate, sodium stearate and potassium 
stearate) or the behavior of these soap/water systems, when 
subjected to heat manipulation, prove the truth of this general 
contention. We have also tried to measure the breaking length 
of the different sysbmis which may be us(h1 successfully for the 
production of foams, fogs or the two types of emulsions. We 
hope to be able to detail numerical values covering these points 
at another time. The so-called “ finger tests ” of the glue tech- 
nologists permit one to predict what kind of system is most likely 
to result from dispersion in each other of a gas with a liquid or a 
liquid with a liquid. 

We are not unconscious of the fact that there may be arranged 
under this conception many of the so-called theories of foaming 
and emulsification adduced to explain the behavior of these 
systems. As previously emphasized ^ there is nothing mutually 
exclusive in the ideas of solvation and the relative breaking lengths 
of any two materials, and the changes in surface tension and 
viscosity, the quantitative relationship between the amounts of 
the two phases, the formation of a continuous third phase between 
the two general substances making up a foam or an emulsion, the 

^ Martin H Fischer and Marian 0. Hooker: Fata and Fatty Degen- 
eration, 29, New York (1917), 
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“ surface activity ” of various chemical substances in permitting 
the “ wetting ” of contiguous phases, etc., as drawn upon by 
various authors (S. Plateau,^ G. Quincke^ F. G. Donnan,^ 
H. W. Hillyer,"^ Walther Oswald,^ T. B. Robertson,® S. U. 
Pickering,^ Ubbeloiide and Goldschmidt,® Wilder D. Ban- 
croft,® G. H. A. Clowes,^® S. A. Shorter and James W. 
McBain to explain the nat ure of foaming and emulsification. 
When water is changed to a liquid colloid hydrate, the properties 
of the second are still the properties of a li(}uid, though quantita- 
tively diffc^rent from t he first, and these properties include surface 
tension, viscosity, distribution of dissolved and suspended parti- 
cles, etc. But were we to express a critu*al opinion of tlu', theories 
of foaming and emulsification as developed by thesis various 
authors, we would say that (;ach has faifinl in the. o])inion of some 
other author IxHXiusc’ be has used his theoiy as an exclusive one 
and as one netiessarily universally applicable. As w(^ have rcipeat- 
edly emphasized, a number of factors undoubtedly play a role, 
and the relative importance of each varies not only in different 
foams and in different emulsions but in one and the same foam 
or emulsion under different circumstances. 


4. The Washing Properties of Soaps 

Empiric practice s(Hans to have su(;ceed('d in furnishing soaps 
of good washing property's for almost all technologic needs and 
for use under the most varied circumstances, and this in spite 
of the fact that we seem still to be largely ignorant of why in 

Plateau; Ann der Physik., 141, 44 (1870) 

*G Quincke; Ann dor Physik , 271, 580 (1888) 

® F. (t Donnan; Zoitschr f physik Chem , 31, 42 (1899) 

^ H. W. Hillyeu; Jour Am Chora. 8oc., 25, 511 (1903) ; ibid., 26, 524 
(1903) 

® Walther Ostwald; Kolloid-Zoitschr., 6, 103 (1910); ibid , 7, 64 (1910) 
®T B Robertson; Kolloid-Zoitsohr , 7,7 (1910) 

U. Pickering; Kolloid-Zoitsohr., 7, 15 (1910). 

* Ubbelohde and Goldschmidt; Handbuch dor Oelo und Fettc, 3, 11, 
Leipzig (1910); ZoitHchr f Elektrochora , 18, 380 (1912); Kolloid-Zeitschr., 
12, 18 (1913); Kolloidchoin Bcihofte, 6, 427 (1914) 

* Wilder D Bancroft; Jour Physical Chora., 17, 501 (1913) 

G. H A. Clowes: Jour Physical Chem , 20, 415 (1916) 

S A Shorter; Jour Soc Dyers and Colorists, 32, 99 (1916) 

James W McBain and C. S. Salmon; Jour Am Chem Soc., 42, 426 
(1920). 
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actual use the soaps act as they do. Tlie following paragraphs 
do not pndeiid to bring a definitive answer to the problem, but 
'in eonnection with the remarks of the pn^eeding paragraphs it 
has seemed to us that tlu^y may help toward a formulation and 
solution of some of the geniejral probkuns involved. 

The oldest, perhaps, of the theories of washing holds that 
soap ow(‘s its cleansing virtues to the alkali which it liberates on 
solution in water. This factor as an import, ant item in the wash- 
ing process has been mueh dis(;redited. While it is not to be 
deaiied thai- its importance was formerly ov('restimated, it is 
perhaps t(K) (;xtremi *. tp_dei_iy it all virtue. TIk', fact that even 
soft water alkalinized through the addition of sodium, potassium 
or ammonium hydroxid, sodium carbonate or borax wasla^s bett(;r 
than the water aloiu' would seem to make it impossible to deny 
the virtue of this factor entirely. 

On the other hand, the alkali factor cannot be the main 
feature which giv(‘s soap its washing properties, for the very 
soaps which on hydrolysis yield the larg(‘st, ovcri)lus of free alkali, 
naiiK'ly, the; soaps of the highest, fatty a(;i<ls, may wash most 
poorly. On tin; ot,her hand, soaps which by test and und(;r the 
circumstances of their use an; strictly neutral may function as 
ideal cleansers. To explain the act,ion of soap under such (dr- 
cumstances, its power to produce foams and to emulsify has been 
(tailed into account, and this proix;rty has been paralleled with 
its cleansing virtues. If this conc,(;ption is correct — and th(;r(; 
is much to support the idea tha-t^it r(;presents the major factor 
in the g(;neral washing power of t he soapvS — t hen the value of dif- 
ferent (common soaps as gcuK'rally employcHl would, on -the basis 
of our previous remarks, be about as follows: 

To prodiux ejUfedivc clmmin^g a ariain minimum of mechanical 
washimj methods arc absolutely neexssary. ddie soiled materials 
must be “ soused ” in the wash wat(;r, rublaul on a washboard 
or dragged about in a nuudiine. This constitutes in the washing 
process the equivalent of the nuMdianical tdement so necessary for 
t he production of foams and emulsions. The “ dirt ” in the 
cloth(;s is emulsified in the hydrated soap of the wash water. 

The soap must now Im; looked at from the point of view of 
favoring such emulsification and the stabilization of the emulsion 
after production. Obviously, of much importance in this matter 
will be (a) the concentration at which the soap is used, (6) the 
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character of the soap and (c) the temperature at which it is 
employed. 

It is the common practice to rub solid or semi-solid soap directly' 
upon the soiled materials or to soak them in a strong soap stock. 
Even after such soaking, more solid or semi-solid soap is com- 
monly rubbed directly upon tlu; more soiled areas. This is all 
exprevssive of the miod for a hydrat(‘d colloid of high concentration, 
for only svndi will lead l.o easy and ptuiuainmi stabilization of the 
“ dirt ” (fatty mat(‘rials and mixe.d soli<ls) in (anulsifie*d form in 
the “ soap water.” 

The ordinaiy washing soaps (either laundry or toilet) are 
the sodium soaps of s(weral fatty acirls. It is of inten^st to note 
that manufacturei-s have long used mixtures of diffcirent fats for 
their soap stocks. Beginning as they usually do with a liquid 
fat (like cocoanut oil, oliv(' oil, cottonseed oil) tliey add to this 
vaiying amounts of th(‘ higher fats (like tallow, hydrogenated 
cot.tonseed oil, ('tc.). The ultimate soap produced contains a 
long and varied list of fat ty acids. Such mixtun'.s must obviously 
satisfy most g(‘iiend necals. Because of the pn'sence of soaps 
of the l()W(‘rm(>st fatty acids, (pii(;k foaming and quick emulsi- 
fication are obtaiiaal iwen at. low temperatures. These lower- 
most soaps, how(‘Vt‘r, dissolve so quickly that the frugal house- 
wife considers them wasteful. Esp(‘c.ially is this the case when 
the soaps an' used with hot water in which t.hey pass quickly 
into the “ true solution ” stage. For this r('.ason the presence 
of fatty acid soaps from th(' tni^ddk^ of tlu; sei’ies will prove useful, 
for these work W(dl in ordinaiy lukewarm ” waters. They too, 
however, lose much of their virtue if the temperature is raised. 
As efTectively woldving soaps in waters ne.ar the boiling point, 
the soaps of the higlu'r fafty acids are requiix'd. The palmitates 
and stearates, for (‘xample, still maintain tluar colloid character- 
istics when soaps lower in the series have lost theirs through 
“ solution.” 

The facts recited indicate why the tem|)erature at which 
any soap is used has so much to do with its effectiveness. Where 
soaps are to be used in cold water, it is (dear that none of the 
higher fatty acid soaps are of any particular use. Only those 
soaps which at low temperatures have definitely colloid character- 
istics, and whi(!h as ordinarily employed yield liquid colloid 
systems, are effective for washing under such circumstances. 
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This is the reason why sodium and potassium oleate and the 
soaps made from oils rich in the lower fatty acids (cocoanut oil 
soap, palm kernel oil soap) are the soaps which, above all others, 
are held useful. On th(^ other hand, for warmer waters it is of 
advantiige to hjiv(‘ [)resent (he soaps of the fat.ty acids higher in 
the series. Hence (he common practi(!e of adding tallow, hydro- 
genated cottons(‘ed oil, etc., to the more liquid fats and oils 
us(‘d for the manufacture of toilet and laundry soaps in “ civilized ” 
countries. There is, how\*ver, a limit, at this end of the series 
also. The sodium soaps above the stearate in the acetic series 
do not yield (liquid) hydrated colloid systians })elow the boiling 
])oint of wat>(^r. In this proportion they are valueless as wash- 
ing agents. Even the stearat.(‘ which, simu^ the introduction 
of hydrogenation nu't.hods, has been worked in increasing 
amounts into the common toilet and laundry soaps already comes 
close to the dang(*r line. It will hardly foam or emulsify short 
of the boiling i)oin( of wat(‘r. A way out of th(^ difficulty, not 
only for the stearat(‘, but. also for some of the other higher fatty 
acids, may be found in the sub.stitution of |)ota.?sium for the 
sodium of the (uamtion soaps. This trick is employcal in “ shaymg 
soaps ” in which the waste* of a more “ soluble; ” soap is compen- 
sateel for by its reeadie*!* foaming and emulsifying properties. But^ 
the substitution e)f ])e)t.assium fe)r soelium has its defects at the 
leiwer end of the serie‘s- ( he pe)tassium soaps, being more readily 
“ soluble ” both in cold anel he)t waters, pass too quickly through 
their working midelle of liquid hydrated colloids and hence are 
wasteful.’^ 
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I 

PRINCIPLES OF HOT AND COLD PROCESS SOAP 
MANUFACTURE 

1. Introduction 

It will be the purpose of this chaptcu* to review certain tech- 
nical procedures followed in soay) manufacture in order to se(^ 
where the concepts dc'veloi^ed in the preceding piiges may be 
used as conscious substitutes for various empiric practices. In 
doing so we will be st,ru(‘,l\. by an interesting fact. Faced on the 
one side by the myriad ju-oblems incident- to the handling of a 
widely varying crude' matcnial and on the other by the demands 
on the part of the public for a product possc'-ssed of cH'rtain washing 
characteristics, the practical soap manufacturer has in nearly 
every instancic hit u[)on both a satisfacdoiy procjess and a satis- 
factory product. 

The raw materials used by the soap cheunist and, consequently, 
the soaps which he piwiuces are so many and so various that a 
complete rc^view of the'- situation is not possible. What is said 
in the following pages represents little more than a broad outline. 

We should have an idc'-al starting point did we know, as a 
first foundation for our discussion, the qualitative and quantita- 
tive composition of the fats and oils which enter the soap kettle. 
•Even when we ignore the presence, in the crude fats and oils 
employed, of unsaponifiable material, of alcohols other than 
glycerin, of admixed substances bearing no relationship to the 
esters which make up the mass of the fat or oil, etc., we are still 
handicapped by an inadequate knowledge of the complete com- 

l«3 
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position of even the commoner fats and oils. Or, where such 
complete analyses have been made or are available, they refer, 
of course, only to a specific sample and, as every oil and fat 
chemist knows, another sample obtained presumably from the 
same sources and under the same conditions may still show wide 
variations in composition. A single fat or oil varies for example 
with the s('.asons. 

It lies without t,he limits of this volume to list more than a 
few of the fats and oils which have been or may be used in the 
manufa(;ture of soaps and to indicate their approximate' compo- 
sition. Th('. (examples which follow are of interest either because 
they furnish much of the material which is used in soap nianu- 
factun' or because their qualitative composition is such that 
they yield soaps with qualifications of interest to our discussion 

2. The Oils, Fats and Waxes Entering the Soap Kettle 

From a pundy chemical point of view there is little reason to 
distinguish between the “ oils ” and the “ fats ” of the technical 
chemists; and the same is true of the “ waxes.” All three sub- 
stances an', es.sentially nothing but mixtunvs of different esters 
In the case of tin' oils and fats these are almost exclusively glycer- 
ids, and this still holds true for many of the', waxes (as “ Japan 
wax ”). At other limes tlu' waxes are still esters, but some other 
alcohol may have t-akem the place of the glycerin. Nevertheless, 
this practical distinction betweiiii t he three groups of substan(!es — 
the first, being liquid at ordinary temperatures, the second semi- 
solid or solid, the third definitely solid — has some value. The 
physical state parallels roughly the kinds and proportions of different 
fatty acids appearing in the various esters^ the fatty acids with the 
lower melting points being those most common in the oils while those 
with the higher melting paints predominate in the fats and waxes. 
This matter is of much importance, as will appear later, because 
of the physico-chemical differences in the soaps which are formed 
from these different stocks. 

A distinction in soap manufacture between the fats of vege- 
table and those of animal origin has little purpose, for both con- 
tain qualitatively the sanui list of glycerids. Nevertheless it is 
well to nunemlxT that th(^ two different origins may at times be 
of importance because of differences in the types of impurities 
which they bring along. 
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Since the kind of soap formed and its properties are so largely 
a matter of the kind and relative proportion of the fatty acads 
which occur in the, original soap stock it is well to begin by listing 
a few of the commoner oils, fats and waxes and giving their per- 
centage composition. The series which follows is catalogued 
arbitrarily, those fats which cont,ain i,he smallest number of fatty 
acids or such as have th(‘, lower nu^lting points being given first. 
A more detailed discussion of this sub,j(*ct lies without the limits 
of this volume; for such tlu* accept, (‘d handbooks ' or original 
papers dealing with this subj(‘et must be consulted. 

Linseed Oil. A gemu-ally snaepted av'crage analysis is that 
of Hazura and Grussner which reads as follows ; 


Oloir acid 
Linolic acid 
Liuolcnic acid 
“Isolinolcmc” acid. 


.5 percent 
15 percent 
15 percent 
(15 percent 


In the place of the above analysis, to whitdi ,1. LEWKowiTscm - 
has raised objection, this author gives tiie following: 

Solid fatty acids (palmitic, mynstic, stearic, aracludic) 7 5 percent 

Linolic acid ltd 5 percent 

Linolenic acid .... .... 5() 0 }>ercent 

Poppy Seed Od. The wholes oil carries ().()7 percent of solid 
fatty acids (Tolman and Munson'^). The liquid fatty acids 

consist, according to IIaZura and Grussner, of 

Oleic acid 30 percent 

Linolic acid 65 percent 

Linolenic acid. ... 5 peri'cnt 

Cottonseed Oil According to Twitchell, Farnsteiner, Tol- 
man and Munson,^ the whole oil contains from 22.3 to 32.0 ])er- 
cent of solid fatty acids, consisting chiefiy of palmitic acid with 
a small quantity of arachidic acid. The liquid fatty acids, accord- 


' See for example J. Lewkowithch: Oils, Fats and Waxes, 5th Ed., 2, 
London (1914) ; Meuklen : fitude sur la constitution des savons du commerce, 
Marseilles (1906) or in Oerman translation by Fuanz Goluschmidt, Halle a/S 
(1907); Ubbelohde-Goldschmidt: Handbuch der Oelc imd Fette, Leipzig 
(1910). 

* J. Lewkowitsch' Oils, Fats and Waxes, 5t’a Ed , 2, 61, London (1914) 
®L M. Tolman and L S Munson: Jour Am Chem Soc , 26, 960 (1903) 

< Quoted by J Lewkowitsch: Oils, Fats and Waxes, 5th Ed, 2, 197, 
London (1914). 
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ing t.c) Hazura, consist approximately of 40 percent oleic acid 
and 60 percent linolic acid. 

Oil. This f)il contains, according to Farnsteiner, 12.1 
to 14.1 percent of solid acids, tlu* lapiid acid making up the 
remaining fraction liolding usually about 15.8 percent linolic acnd 
and 72.1 percent oleic acad. 

Ohrc Oil. According to Tolman and Munson,^ the solid 
fatty acids of this oil, as obtaimal from dilTerent sources, vaiy 
between 2 and 17.72 ]K‘rc<'nt. 44ies(‘ solid fatty acids an^ (diiefly 
palmitic acid with a trac(‘ of arachidic. Stearic acid is absent. 
Tlu' liquid fatty a(*ids, accordiTig to Hazifra and (Irtt.ssner, 
consist of 93 percent ol(‘i(5 acid and 7 ])erc(Mit. linolic* acid. 

Oastor OIL 'Flu* whole oil on standing in the cold dc'posits 
3 to 4 jierccmt. of stcairic and ricanolcac acids (Kkafft^) and 1 
perccait dihydroxA^stc'aric acid (Jiiileaud). The* li(]uid fatty acids 
of castor oil consist chietty of ricinoleic and some isoricinoleic 
acid. Oleic acid seems to be abscait (Hazitra and OrIiss- 

NER-^). 

('od Liver Oil. (h*ude cod livc'r oil contains a (Fonsidei*abl(‘ 
portion of stearic* and ])almitic* acids. The oil as it comes to 
markc't has usually bc‘.c*n 1rc‘c*cl from these*. In the* licjuid oil 
small quantities of ace*tic, butyric, valc'ilc and eaipric acids have* 
be^en found by various authors. The're* is an abse*nce* of oleic 
acid, and it is bcilieved that tlie* bulk of the fatty ae*iels is made 
up of acids le*ss satura.te*d t.han tho.se*, of the* e)le*iet acid sc'ric's. 
Ace'ording to Heverdahl*^ the\ following i)e're*e*nt,age*s of diffc'rent 
acids have* be*e*n ele6nite‘ly ise)lat.e*d. 

Piilinitic !u*i(l 1 pencil I 

Jocolnc mcmI 20 jicncnt 

Tlu'rnpie* :i(*i(l 20 p('n*cnt 

Pidiii (hi. This is a. mixture of glycc'rids of olc'ic acid and 
various solid fatty acids. Ninely-e‘ight perce*nt of the* solid fatty 
acids is [lalmitic acid and 1 iiercent or less is steairie; acid. Hazura 
and GrIissner have elise,*ove*re*d linolic acid among the liquid 
fatty acids of this oil. 

‘L M Tolman and b S Munson. Jour Ani (JK*m Soc , 25, Onei (ItKlJ) 

G*’ Krafi-’t. Bn d dnit. e*li(*m (l(*sellH(*h , 21, ‘2720 (18IS8) 

■’Quoted by J Lewkc^witsch: Oils, Fats and Waxe^s, rah JOd , 2, 39S, 
London (1014) 

* J LEWKOWiTsem' Oils, Fats and Waxes, rah Fib, 2, 420, l^ondon (1914) 
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Nutmeg Butter. The composition of this fat is thus sum- 
marized by J. LEWKowiTsrud 


Myristio acid 
01(M(; ai^id 
Litiolcnic acid 

Formic, acetic, ccrotic acids 
Jilssontial oil 

Uiisapoiiifial)l(“ and n'sinons nutt.<‘ric! 


73 percent 
3 iierccnt 
5 i>eri;ent 
small amounts 
12 5 percent 
10 5 percent 


Ckicao Butler. This fat contains stearic acid to an extent of 
al)()ut 40 ]K'rcent. Oleic acid is presiml. in excess of 30 percent. 
Several otlicr fatty acids hav(‘ Ikhmi (kadared to be pn'Siait, but 
their amounts an^ ik'bated. Palmitic, arachidic and linolic acids 
iiave been found and, according!; to debatabk^ evidence, lauric 
and caprylic are also present. 

Jkilm Kernel (hL This intiM'i'sthijj; and iiiiudi usial fat, accord- 
ing to IOlsdon “ is com])os('d of tlu' following;: 


Caproic acid 
( 'api vlic aci<l 
('api K* a<“id 
tjaui i(‘ acid 
Mvnstic acid 
Palmitic ai'id 
Stearic acid 
Oleic acid 


2 iiercent 
5 pel cent 
(> percent 
r>5 percent 
12 percent 
0 ])erc(ait 
7 percent 
4 percent 


Palm keriK’l oil is lar^idy usial for soap making, chielly in admix- 
ture with olh(‘r oils and fats.* Like cocoanut oil, it is eminently 
suitable for 1h(^ manufacture of soaps by the “cold” process. 
The freslu'st oil isemployial in tlu' manufactun^ of vegetable butter. 

Cocoanut Oil. J. Lewrowitscii usi's iho analysis of the fatty 
acids of cocoanut oil by Paulmyer to produce the following table: 


Cajiroic acid 
Caprylic acal 
Capric acid 
Lauric acid 
Myristic acid 
]*alinitic acid 
Oleic acid 


0 25 percent 
0 25 percent. 
19 50 percent 
40 0 [lercent 
21 0 iKTcent 
10 t) percent 
5 1 percent 


1 J Lkwkowitscu: Oils, Fats and Waxes, 5th Ed , 2, 564, London (1914). 

2 Quoted by J IjEwkowitsch: Oils, Fats and Waxes, 5th Ed, 2, 621, 
London (1914) 
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Lewkowitsch adds that the quantities of oleic, caproic and 
caprylic acids in this analysis are undoubtedly too low. An 
analysis by Elsdon showed Ihe following: 


Caproic acid 
Ca{>rylic acid 
Capric acid 
Laurie acid 
Myriaiic acid 
Palmitic Jicid 
Stearic acid 
Oloic acid 


2 percent 
9 percent 
10 percent 
15 percent 
20 percimt 
7 ]iercent 
5 percent 
2 percent 


Lewrowitscu holds that the oleic acid figure in this analysis is 
also too low whiles that, of sU^aric acid is much too high. 

Japcni (Ja})an tallow). The important fatty acid (;on- 

stituent of this wax is jialmitic acid. Among other acids, stearic, 
arachidic and oleic an' said to be present.’ 

Goone Fat. This fat consists essentially of oleic, palmitic and 
stearic acids. There are present also small riuantities of the 
lower volatile acids. 

Hofj Fai. According to Ernst Twitch kll- lard (onsists of 
the following: 

Tiinolic acid .... 10 06 piacent 

OlcK* acid 49 39 percent. 

Solid acids (by difference) 40 55 perciait 

It is possible that, linoh'tiitr aiod is also jin'si'iit. In the group 
of the solid acids are lauric, my list ic, palmitic and stearic. 

Tallow. Tallow is ('ssentially a mixtun^ of palmitic, stearic, 
and oleic acids. Ac(;ording to an examination by Link in the 
laboratory of J. Lew^kowitsch there are present 23.2 percent 
stearic acid, 28.4 p(*rcent palmitic acid and 48.4 percent oleic 
acid. It is possible that traces of other acids like linolenic also 
appear in tallow. 

Butter fat. The following acids have been ident ified in butter 
fat: acetic (?), butyric, cajiroic, capiylic, capric, lauric, myristic, 
palmitic, stcari(;, arachidic and okdc acids. It is held by certain 
authors that butter fat, also contains hydroxylated acids. The 
presence of linolenic acid has been described. The percjentages 

1 J Lewkowitsch: Oils, Fata and Waxes, 5th Ed , 2, 654, London (1914). 

*E Twitchell: .Tour i^)c (vhem Industry, 515 (1895) 

» J Lewkowitsch: Oils, Fats and Waxes, 5th Ed , 2, 767, London (1914). 
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of the glycerids of the different fatty acids are as indicated in the 
following table, copied from Lewkowitbch. 


(ilycends 

1 J Bki.i. 

W Hi > ni 

SfALI.AN/.ANI * 

Butyrin 

1 7 ((12 


5 080 

Caproin 

Caprvlin and fa[)rin 

) 

1"' 

1 020 

0 307 

Olein 

j .'57 7;io 

42 2 

1 1' 9.1 593 

Palinitin, stearin, eC 

I .^2 M7X j 

1 " 

1 j 


j KM) 

j too 

I 100 


+ Ki‘ali,an7ani L<> Sla/, Sp<*iiiii Iliil , 23, 117 (1K<)()) 


Beesv}ax consists chiedy of fn^e cc'rotic acid with a small 
quantity of fnu' intdlisic; acid and small quantities of urisaturaled 
fatty acids coniliiiuMl witli ahudiols. (\‘ryl alcohol appears free 
in IxM'swax. Beeswax contains little or no glycerin, otlier alcohols 
taking its place. 

3. Significance of Some Fat and Oil Constants for the 
Colloid-Chemistry of Soap 

Since complete analyses of the fats and oils which enter the 
soap (du'inist’s kettle can scarcely be obtained, ht' must content 
hims(‘lf in routine practice* with a knowledge of their specific 
gravity, melting point,, saponification valiK', Rek’hkrt-Meissl 
value, iodin numbt'r, etc. For the non-tiadinically trained, the 
iiK'aning of these values and.their probabU* significance indeter- 
mining in advance tlu^ colloid jiropertic'S of the rcisultant soaps 
when more complete analyses of the fat are missing are appended. 

Since the natural oils and fats are not definite chemical sub- 
stances characterized by definite melting points, it becomes 
readily intelligible why discordant ri'sults are obtained by any 
of the number of mi*thods available for th(^ determination of the 
melting points of oils and fats. In general, however, it may be 
said that the lower the melting point- of a fat or oil, the higher 
the proportion in it of the lower melting point fatty acids, like 
the oleates, linolates or lower members of the acetic s(‘ries. 

The specific gravity of any pum fat falls in any series with 
rise of the fatty acid in that series. Wide differences, however, 
exist between the specific gravities of the fatty acids of different 
series. It is difficult for this reason, to find any relationship 
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between the specific f^ravity of mixed f!;lycerids and the type of 
fatty acids fountl in the |*;lycerids. In general, however, the 
lower th(^ specific gravity of a fat the more' likc'ly it is to b(i found 
rich in the higher members of any fat t y acid sc'ries. 

The saponification value of an oil, fat or wax whi(!h indicates 
the nunib(‘r of milligrams of potassium hydroxid n'ciuired for tlu' 
com])l(^te saponification of on(‘ gram (»f th(', oil, fat or wax is indica- 
tiv{‘ of the amount of potassium hydroxid nHpiirtMl to Tuaitralize 
completely the fatty acids in that, oil, fat or wax. Otlu'r things 
being ecpial, a, high saponification value lla'n'fore means a high 
content of the lower fatly acids. 

The Rek’IIEHT-Muissl vahi(‘ which shows the numlx'r of 
(aibic centirmfiers of dt'cinormal i)otash i-cHpiinHl to neu- 
tralize that, portion of the volatile' fatty aciels which is obtainc'd 
from 2.5 grams of a fat afte'r distillation by tlu' Kuiciikht proce'ss, 
represi'iits, obviou.sly, the', jireipeirtion e)f ve)latile' fatty aead cein- 
taiiH'd in any mixe'el fat meist like'ly te) yie'ld seiaps lying within 
the range of t.he)se' e'eimmemly use'el tor waslung puipeise's. 

The iodin value' of a. fat. or fat ty ae'iel is a measure of t.lu' pro- 
portion e)f unsaturat ('el fatty ae'iels e'ontaiiu'el the'ie'in. It, maybe 
used as an inelex, in comparative stuelie'S, te> the' jirobable' ])re>- 
portieai of the; unsaturat ('el fatty ae'iels pi-e‘S('nt in any oil, fat. or 
wax te) those of the' saturate'd fatty acids and, by inlere'iice', of 
th(' proportion of the s()a,i)S of the'se' two se'rie's of fatty acids with 
their varying physie'o-che'nucal or colloid-chemical (‘onstants pro- 
ducible from the original mate'iial. 

4. Hot and Cold Process Soap Manufacture 

As familiarly known, soap manufacttire may be' carried on 
by either (ei) the cold ])roc(*ss or (h) the hot ])roce'ss. So far 
as the cheanistry is coneH'rned the two eire suj)i)osed to yiedel the 
same result.. In e'ither case', a weighed amount of fat or oil has 
added to it the amount of caustic soda which analysis has shown 
the fat to reejuire for conversion into neutral semp. What is 
obtained in the end is a neutral soap holding a certain amount 
of water ])lus the glycei’in split off in the process of the conversion 
of t he fat to soa]). 

It is a matter of practical experience that while the process 
of soap manufacture in the cold is the simplest, the results thus 
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obtained are not always so satisfactory as when the process is 
carried out at a hif!;her temperature. It is also a matter of empiric 
knowledge that certain fats readily yield satisfactory soaps when 
used in the cold while others, it might almost be said, never do 
so. The extremes are reprt;sented, on th(i one hand, by the us(^ 
of such a fat. as castor oil, cottonseed oil or even palm kernel oil; 
on the other hand, by t,he use of hydrogenated cottonseed oil, 
stearin or Japan wax. 

What h{i))])('ns becoiiu^s intelligible when the qualities and 
(piantitit's of the fatty acids found in tbes(' fats and oils an^ eoni- 
[)ared with the physieo-eluaiiieal and colloid ])ro]K^rties of soajis 
whicli an* ])roduced from tlu' dithnxMil fatty mads as illustrated 
in J'Jgs. 1 to llh^ Sonps are rcadih/ made by t]ie cold process onhp 
from such fats as are appro.n mately liquid or lpeTd faity acids 
which are lit/iiid at the leni peralurc at which the soap is manufactured. 
In tb(' ohk'r scluanes of soap mariufact un' ( his i)roc(?ss was regularly 
employc'd with such oils as oliv(‘, cocoa, nut and cottonseed. Partly 
b(*causi‘ larger and la,rg('r (plant it. i<'s of th('S(‘. materials are now, 
used for food, and parity b(‘ca.us(', tlu' soaps from tla'sc* materials 
ar(^ ndatively soft and “ wash away ” (‘asily (and for toilet 
puiposes, for example, a. somewhat firm(*r product is desired) 
th(‘, original oils hav(^, with tina*, had admixed wilh them huger 
and larg('r fractions of fats with highcir nadtiiig points. As this 
has happened the difficulty of making tluj soap by the (;old ” 
process has increasc'd, for the fats rich in iiahnitic acid, stearic 
acid, etc., cannot be thus saj)oniti(Ml. At. higher tem]xu'atures 
It, is, of cours(‘,, an easy matt,(‘r. Since sa|)onification represents 
an., exot h ermic redaction, c.onsidc'rable laait is produced which 
warms the soap mixt-ure. I^’or this reason fatty acids melting 
at tcmperat.ures (!onsid(‘rably abov(‘. that of the surrounding 
medium can still be sa])onifi(id in the “ cold.’’ The higher (solid) 
fatty acids also saponify more, slowly than do the lower ones, 
whence the common practice of allowing t he ne(;essar>^ fat-alkali 
reaction mixt ures, when soap is produwHl by the cold ” process, 
to stand several days, while, to conserve the liberated heat, the 
vats or frames are protected with mattrt^ssos. 

The now almost universally employed “ hot ” process of soap 
manufacture may b(^ dismissed with the remark that at the higher 
temperature employed all the oils and fats used (or, in the Twitch- 
^ See pages 10 to 29. 



172 


SOAPS AND PROTEINS 




ELL process, the iatty aciids derived from them) are liquid 
and tliat their saponification in consequence occurs quickly and 
satisfactorily. Since only a f(^w hours are ni^cessaiy for complete 
saponification by the hot process, t,his is preferred by the manu- 
facturer to the cold process which 
may require several days during 
which his vats, frames and machines 
are kept einployed in the manufac- 
. tur(‘ of a single batch of soap. 

What has Ix'cn written above may 
be r(‘adily ill list rat (;d in laboratoiy 
(‘xperiments which follow the prac- 
tices of tlu! soap cluanist. In Fig. 
93 are shown thrix^ beakers all con- 
taining the same mixtures of cotton- 
seed oil and sodium liydroxiil, the 
amounts having beiui so chosen as 
to yii'ld a theori;lically neutral soap. 
„ In th(^ first, l>eak(;r on the left and 

6 in th(‘ middli‘. beaker, th(^ sodium 
o 

hydroxid solution has been pounsd 
in a singl(‘ “ charge ” into the oil, 
the foriiKU- having been left without 
stirring, the latter having been stirred 
immediately until t he mixture showed 
signs of stiffening. In the beaker on 
the right, th(^ sodium hydroxid was 
add(‘d in three separatii “charges” 
(as is the practice in manufacturing), 
proper stirring following each new 
addition of alkali. The photograph 
was taken the following day. It 
will be observed t hat without stirring 
only a thin soap layer (very dry) 
fonns between the oil and the watery alkali and saponification 
seems to come to a st,op; that, when addid at once with 
satisfactory stirring a fine clear soap is obtained; that when 
added in three fractions a good soap but of less perfect appearance 
results. We shall return to thes(^ findings later, but it is evident 
at this time that from a low melting point fat a satisfactory soap 
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may be obtained by the cold process if only the requisite amount 


of sodium hydroxid is added quickly 
and at once, the mixture is stirr^ 
until it shows definite signs of stiffen- 
ing and is then left to itself. 

Fig. 94 shows that when the cot^ 
tonseed oil is hydrogenated, when, in 
other words, its oleic acid is converted 
into stearic (and similarly, perhaps, < 
certain other unsaturated acids into 
saturated ones) the “ cold ” process 
no longer suffices to make soap. The 
appearance of the first beak(^r on t,he 
left in Fig. 94 must be comparcd with 
that of the middle Ixiaker in Fig. 93. 
Wliile no soap seems to have been 
produced in the cold, saponification 
of the hydrogenatod fat is satisfactoiy 
as soon as the reaction mixture is 
heated for a time, as evidenced in tho 
second beaker from the left of Fig. 
94. The same general truths are 
brought out in the three right-hand 
beakers of Fig. 94 in which, to mimic 
accepted technical proc('.durcs more 
p(^rfectly, a sodium hydroxid of lower 
concentration and a reaction mixture 
containing a larger total of water were 
used to accomplish saponification of 
the hydrogenated cottonseed oil. The 
middle beaker of the whole series 
shows that saponification is again im- 
possible in the cold.” A partial result 
is obtained if the beaker is heated to 
above the liquefaction point of the fat 
and the mixture is stirred; but to get 
complete saponification the reaction 
mixture must be kept some time at 



this high temperature as shown by the 

satisfactory result in the beaker on the extreme right of the series. 


Figure 94. 


174 


SOAPS AND PROTEINS 


Having ofieervcd how tiui type of oil or fat employed determines 
from a chemical point- of view whether a cold or hot jirocess of 
manufacture will yield Ix'st. r(‘.sults, we need to review the whole 
process once more from the point of view of the changers which 
are iiuhdent to the mere mixing of any fat or oil with an alkali. 
Tht‘ emfhric instnattions covering the ])roc(\ss aiv again many.’ 
In the case of ciadain “ oils ’’ a stronger alkali may be used t han 
when the more solid “ fats ” are employi'd; or in tlu'- (!ase of the 
former all the alkali may •]>e addial more quickly oi‘ in one charg(‘- 
while in the latter sc'veral suce(‘ssive and smalk'i- charge's must 
be used. Tlu' soaj) makei’ has Ih'U' again learnt'd from ])racti(;al 
experience' what, may be' done with any individual oil or fat, or 
what may be jiceaimplislKHl by mixing or blending such. What 
do these things mean? 

Th(' older soap cheunists reoognizt'd that, in their “ cold ” 
proce^ss of manufacture, ennulsificat-ion of the fat ])layed an 
important role; what ha])pen(Ml in the hot ])roc('ss was nol. so 
cle;ar. 


6. The Mixing of Fat with Alkali. Initial Emulsification 

J. Leimdorfer- has correctly said that the colloid-chemi.stry 
of soaps begins with the commcmceme'nt. of their manufact.ure' 
and in defense of this remark has ('inphasized anew the signifi- 
cance of emulsification in t.h(^ cold nu'thod of soap manufacture. 
Leimdorfek points out- that- wIhmi any fat is mixi'.d with caustic 
soda solution the two are emulsified in I'ach other and that in 
the “ gum ” or jelly which results, t Ik' jiroci'ss of saponification 
then proceeds to an mid. Acc,ording to Iuoimik )Ufkr the soap 
formed “ adsorbs ” the alkali and the fat, the further reaction 
between these materials o(;curring in the soaf) gel itself, as it wm-e. 
We shall have occasion to tou(!h uj^on t he adsorption ” phases 
of this explanation later. At this jioint we wish merely to con- 
sider in somewhat great-er detail the initial process of emulsi- 
fication. 

It is held by various aut-hom that, the occurrence or non- 
occurrence of this initial process of emulsification makes possible 

^ As an illustration of the technical literature extant see, for example, 
Alexander Wati’: The Art of Soap Making, Ninth Imp , London (1918) 

^ J. LeimdOrfeii: Teclmologie der ISeife, 5, Dresden (1911) 
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or impossible soap formation by the cold ” ffrocess. This 
conclusion has been drawn from the fact that the fats which do 
not emulsify readily in the cold also fail to saponify easily. While 
proper previous emulsification does acc(‘lerate saix)nification, the 
real difficulty is resident in the natuni of the fatty acids present 
in the more solid fats — the hiKhe.r (solid) fatty ^ly^'orids being 
split with greater difficulty and th(‘, resulting fatty acids combin- 
ing more slowly with alkali at low temperatures than do tlie 
mon' liquid oils with their lower and, more nearly liquid fatty 
acids. 

For the production of an emulsion, whether soap be made 
by th(', cold or th(^ hot, {irocc^ss and whether from neutral fat or 
th(; free fatty acids, it is luuu^ssaiy to hold distinctly in mind th(^ 
mer(‘ inaking of th(‘ emulsion and its subseqiumt dahilizotioii. 
Aid is ri'iidered tlu' first process by the nuMiianical agitation 
incident, t,o tiu^ mixing of the soap-kettle (onstitiumts. 

Usually, also, a new batch of soap is started by running the new 
mass of fat or oil to be saj)onifi(Ml into a ki'ttle containing the 
soa]) remnants left from a. jin'vious run. But even if a caustic 
alkali is run at once into a coM or ti hot, fat , soa]) formation begins 
veiy qui(ikly, for ran'ly ar(‘ these substances free from a certain 
amount of fre(‘ fatty acid. As pri'viously em])hasized, it is not 
])ossibl(‘, to emulsify fat in pure waiter. In sofi]) manufacture, 
therefon', the fat is not emiUsifted in iratcr bnt, (is is necessary in 
all such instances, in a iir/uid hydrated (‘oUoid. Hence the use- 
fulness of Ix'-ginning with a soap stock, t he greah'r ease of emulsi- 
fication if t he fat used is liquicT at the t(an|)erature (‘inployed and 
contains free fatty acid, and th(‘ excecaling sim])licity of tlie whole 
])rocess if all the soap is maile from free fatty acid (by the Twrrcii- 
ELL i)roccss). The first ))ortion of hydrated colloid found 
or produc(‘d in the soa]) kettle thiai ])ermits the fats or fatty acids 
added subset] luaitly to be ])ropei-ly and pt^rmanently wnulsified 
ill them. 

The ease with whitti such emulsification is obtained is in 
its turn resident in the physical (jualith's of the fat itself. It 
is obvious that emulsification (‘an be obtained more easily in the 
case of a low melting point fat,, like the litjuid oils, than in that 
of the more solid fats, like tallow, stearin or Japan wax. Emul- 
sions are subdivisions of a liquid in a liquid. To get the more 
solid fats into this state an increas(‘ in temperature is therefore 
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demanded. It is for this reason that the high melting point 
fats, which are least likely to yield satisfactory emulsions (and 



Figure 

which saponify badly) at low temperatures, are best used at 
higher temperatures. 

Another factor in this matter of emulsification is found in 
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the properties of the soap formed to act as the colloid hydrate 
for the emulsification of the fat. For proper emulsification there 



95. 


is necessary not only an optimum concentration of the soap 
used, but also a, suitable kinToTso^r 

For soap manufacturelby the cold process the soaps of the 
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lower fjilt-y acids of the acclic; series and the oleates, linolatos, 
('te,, a(!t best as einulsilVing agents, mr tlu'se yield liquid hydrated 
colloids at the low teiiipcratun^s pnwailins iii the n^action mixture. 
When, however, soap manufacture is carricnl out at a hiji;her 
tempcirat.ure it is obvious that soaps of tlui higher fatty acids 
will a(;t better, for at these higher temperatures the soaps of the 
lower fatty acids will hav(! gone into true solution,” thus losing 
tlu'ir hydrophilic characdcr. While Ihe soaps of the higher fatty 
acids are solid in the cold procc^ss and of little use for emulsi- 
fication purpos(‘,s, they become licjuid hydrated colloids at Ihe 
higher temi)eraf.ures and stabilize any emulsion that may be 
fonned. 

It is of interest to examiiu' microscopicudly the changes inci- 
dent to this ('inulsification proc(‘ss. I'ig. 1)5 shows the succc'ssive 
changes obseivable wluai soap is made by tlu? cold process fi’oni 
cottonseed oil and (caustic soda. Aftcu* tla^ two materials have' 
been stirred into each other as previously described for the middle' 
l)eaker of Fig. 98, a soap is rapidly foriTied (since cottorisec'd oil 
usually (ontains SOUK' fnn'. fatly acid) in whicli the. unused ])ortioiis 
of oil then b('.come dispersed n.s shown in pliotomicrograph A 
of Fig. 95. If a drop of this mixtun' is watclu'd \mdi)v tlu^ micro- 
scope for a little time, th(^ oil dropkd.s ar(^ found to diminish in 
size whil (5 becoming surrounded with an increasingly thicker halo 
of hydrated soa]). 8diis is shown in B. dlui halo grows in thick- 
ness until the whok'. alkali-fat mixture sets into a firm jelly, the 
appearance at this st.jige being rg)res(mted by C. In the course' 
of a number of houi-s or S(‘veral days the wholes reaction mixture 
comes to chemical equilibrium, when it pn'sents the morc^ or 
less uniform apfxiarance of I). This final picture represents a 
hydrated mixed soap in which the soaps of the higher fatty acids 
tend to ciystallizc wit.hin the soaps possessed of lower melting 
points. 

6. Concentration of Alkali and Method of Adding it for 
Saponification 

We need now to go back over the course of soap making a 
third time in order to analyze for a moment some of the practical 
facts utilized in determining the method and tin’: concentration 
at which an alkali is added to different fats and oils for their 
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saponification. It may be stated as generally true that alkali 
may ho added in high concentration or in a single charge of the 
theoretically necessaiy amount only to such liquid fats as cotton- 
sc(*xl oil, castor oil, linseed oil, cocoanut oil or palm kernel oil. 
When tallow, stearin or Ja])an wax soap is to be made, the alkali 
must be added in several smaller charges and the coru;entration 
of alkali in the individual charges must be lower. To give specific 
(',xainpl(\s the following may be eite-d. Linseed oil may be saponi- 
fied by adding to it, at onc(‘- tlu^ recjuisite amount of sodium hy- 
(Iroxid at 24° to 28° Baiirn^' (17.0 to 21.4 percent); (cocoanut oil 
will tolerate a first charge at 1()° to 20° Baimif^ (10.9 to 14.3 per- 
e(‘iit). Against •these figures tallow must b(‘ t related with a first 
fractional charge at 11° Baiime (7.3 )MM-e.ent) succeeded by a 
second at 12° to 15° Baume (S.O to 10.0 penumt). F.ven the 
final charg(^ may not saf(‘ly e\c<*(‘d 20° Baume (14.3 percent). 
What is th(', (iX])lanation for ihoi^o empirically well known facts? 
It is 7 }ot a matter meic'ly of I, he readier saponification of the lower 
melting point fat ty acids found in t,he oils or of thc^ greater tendency 
of th(‘ higher fatty acid soai).s to hydrefiyise. Wcu’c this the case, 
t lum t he higher conc(mt rat ions of alkali should act best upon 
the higluu’ melting point fats, whil(‘. just, the opposite*, is the case. 
Jt ifi the. greater scnsiti renews of the soajts of the hi ghci' fatty acids to 
salting-oat effects (of the sodium hydroxid in this case) which 
explains these empiric findings. The soaps of castor oil, hnseed 
oil and cocoanut, oil can sc,arc(^ly Ix^ .salted out by sodium hydroxid 
at any conc,(',nt ration, while the sodium j^almitate, stearate, 
arachidate, etc., formed from t,allow, Japan wax, et,c., come out 
in ve^ry low con(;entrat,i()ns of alkali.^ The*, use of larger volumes 
of sodium hydre)xiel e;ont aining le)we'r concentrations of the alkali 
ill the prexluctiein of the> tallow soaps means that the soap as 
formed has more solvent i)re‘,se‘nt in which “ to elis.solve while 
tluj e^oncentration oi alkali present in this solvent is not, sufficient 
to salt out, the soap. The alkali added in a first, charge is lost 
from the syste‘,ni as it ceimbines with the fat to make soap, in 
consequence of which the second charge may be of hight^r concen- 
,t ration for this is quicLly diluted on entering the soap kettle by 
the volume of water carriixl in with the first charge. With the 
second charge of alkali used up in saponification, the third charge 
is quickly diluted with the water left from the previous charges to 
^ See pages 116 to 120. 
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a concentration which will not in its turn salt out the soap, for 
it is at. all times th( ^ conceMtrat ion and nol the .ainouiit43f.4tUtali ^ 
(or other salt) in the entire soap/water system which determines 
its salting-out effects. 

Given the q-im litaiwe comvosition of a fat, the upper limit of th e 
rnnee nlTdimn of a ny . hydrnr'K^ whioh ‘mmt ho nwd for itfi mpnn /i- 
jical'ton is determined hv the concentrate on at which the soap of th e 
hiu hed fatty add found in that fai is mltM a nt at the, iem/pernty/re. 
preva iling in the soap v at^ 

7. The Changes in Soap Systems Consequent upon Cooling 

The first change to he discussed as the temperature of a boiling 
soap/water system is lowered (whether it contains glycerin or 
not) is that of i1.s t(‘nd(‘ncy to change from what at the higher 
tempei-ature was a solution of soap-in-water to that which at the 
lower is one of water-in-soap. The apparently contradictory 
findings and views which different authoi’s have recited covering 
the nature of (he chang(‘s obscTved may all be harmonized when 
t.hese (changes from on(‘ system to the other (including the pos- 
sible intermediates of an “ emulsion ” of hydrated soap in soap 
water followed by one of soap water in hydrated soap) are kept 
in mind. 

Beginning with the days of Chevreul, the soaps were held to 
be salts of the fatty acids containing a definite amount of water 
of crystallization which on solution in water yielded “ solutions ” 
like all oth(U’ salts. Many physical chemists held to this view 
into fihe nineties of the last century, for pure and mixed soaps in 
dilute solution showed an osmotic pressure, an electrical conduc- 
tivity, a depression of the freezing point or elevation of the boiling 
point quite like “ normal ” electrolytes. (James W. McBain, M. 
Taylor, C. C. V. Cornish and B. C. Bowden,^ McBain and 
Taylor‘S). Following the studies of F. Krapft and H. Wiglow,^ 

‘ James W McBain, M. Taylor, C C V Cornish and R. C. Bowden: 
Berich d dent, chom (iescllsch., 43, 321 (1910); Jour Chem Soc , 101, 
2041 (1913) 

* McBain and Taylor: Zeitsclu f physik Chem., 76, 179 (1911); 
since this time, however, these authors have modified their views; see 
Jour. Arn Chem Soc , 42, 426 (1920) 

® F Krafft and H Wiolow: Berich. d. deut. chem. Geaellsch , 28, 2573 
(1896). 
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A. Smits,^ F. Goldschmidt and L. Weissmann these views 
received modification. Khapft and Wtolow observed that when 
the soaps of the highc'.r fatly acids wer.^ studied at low tempera- 
tures these commonly did not Iowct th(' freezing point in the cal- 
culated amount; and Goldschmidt found that the eleetri(;al con- 
ductivity was not as high as tlu'ciy demandcul. The same soaps 
when studied at sufficiently high tem]Xiratures did, however, 
show the behavior of normal ele(‘tro1vtes. Obviously the earlier 
obs(irv(*rs and those working at high tem]3eratur(‘s dealt with what 
were essentially true solutions of soaps in watei-; the latter stu- 
dents of the problem, working at lower temperatures and with 
higher fatty acid soaps, dealt with mixed systems. The former 
worked in the region A of Figf<. 48 and 49; iJu' latter anywhere below 
this hut still in regions in whieh were pi'esent soluiions of soap-in- 
water admixed with solutions of water-in-soap. What character i sties 
of a “ true ” solution their mixtures still shouted were dependent 
upon the presence of the former; the characteristics at variance with 
those anticipated, in other words, the “ colloid ” properties of the 
systems were dependent upon the latter. 

8. The Salting-Out of Mixed Soaps 

The salting out of mixed soai)s has been made the object of 
special study by Mehklen and Leimdokfek.'* Both give excel- 
lent analyses of the content of soap, water and dissolved sub- 
stances (like alkali and salts) present in the two main phases, th(‘ 
“ lye ” and the “ curd ” or “ settled ” soap, which may be ob- 
tained after compk'te or partial s»11ing-out,. 

The observations detailed in the previous pages on the salting- 
out of the difi'en'iit soaps help us to exj)lain, we think, in simpler 
fashion than is generally the case the series of changes obser\'ed 
in the contents of the soap kettle when salted and cooled. In the 
ordinary salting-out process common sodium chlorid is shoveled 
into the boiling soap k{‘ttle in dry form. Assuming that it goes 
into solution at once, it is obvious that there follows a progressive 
increase in the concentration of the salt in a soap/water system. 

^ A Smits: Zeitschr f physik Chem , 46, 608 (1903). 

2 F. Goldschmidt and L. Weissmann: Zeitschr f. Electrochem., 18, 380 
(1912) 

^ Francois Merklen: Die Kernseifen, trans. by Franz Goldschmidt. 
Halle a/s (1907) 

LeimdOrfbr: Technologie der Seife, Dresden (1911) 
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While it is ordinarily tliouj^lit that, all the soaps present in the mix- 
t,nr(‘ of soa})s in t,he soap kettle begin to s('parate out as soon as a 
sufheit^nt eoneentration of the salt has been obtained, the quan- 
titative studies previously de1-ail(;d show that this is by no means 
the case. A conccmtral.ion of salt which will salt out the soaps 
of the higher fatly acids of the acetic, seritvs will obviously be 
rea(!h(‘d sooner than one whi(^h will salt, out the lower soaps. 
While*, for instance, a sodium sU^arate* is salted out in the (;old 
by a 5'’ Baume sodium cjilorid solution, sodium laurate r('(]uires 
a 17° Bamne salt wat('i‘ (C. Stikckl '). The* genen'al truth of this 
law finds expression in the* fact, that. aft(‘r apparent total se})aration 
f)f the* mix(*d soa})S as a curd from the s])ent lye, tlu^ latter still 
contains some* se)ap. But the^ cemtaiiuMl seeajw are* essentially 
those* e)f the; le)wcr fatty aciels. The curd per contra is relativcdy 
pe)or in these*. 

During the* pre)e;e‘ss of salting-out., a se)ap mixture; frequ{‘ntly 
" gums,’’ “ ge)os stringy ” anel te'iiels to be)il ove'r, a sitiiatiem 
which the* i)rae*tical seeap maker has learneel te) n]ee;t by rapielly 
.shoveling in me)re salt. The* e*xplanal iem of what happens is 
founel in the e'xperime*nts e)ii the Sidting-out e)f se)a})s. Be;fore 
ceniiplete sedting-out is e)bt.aine*el the* pi*e*viously liepiid soap mix- 
ture;s tenel te) gel bee*,ause e)t the* emulsifie;atie)n within them of 
salt-wat,(‘r. Through the aelelitieen of more; salt, howe;ver, the 
amount, of this salt-water j)hase* is incre*ase*,el and as this happe;ns, 
change in type of e*mulsion occurs — the hyelrate*el se)ap now be;oom- 
ing elis})ersed within the salt-water as the external phase, — and 
the viscosity of the ke;tt.le; e*,onte;nt.s^ falls. 

It is the ce)nime)n prae;tie*e* in the; salting-out of sejaps to aeld 
dry salt to the soap ke*ttle*. This repre*se‘nts economy, e)f course, 
from the point of view of the amount of salt needed, fe)r it is the 
concentratie)!! of the; salt in tlie te)t,al ve)lume of water present 
which eletermines when the mixeel soaps will “ come out of solu- 
tion.” Solution e)f the; ciystals of salt, in t.he soap kettle, how- 
ever, takes time and e;ven the shoveding in of more sidt, into the 
soap kettle does not at once increase the concentration of dis- 
solved salt. The use of a proper brine; uneler such circumstances ^ 
would work bett(*r and more rapidly in bringing the soap kettle 
contents to the safe side of the gelation point of the mixture. 

Stiepkl- Fette;, Oele unel Wachse, U5W., 112, Leipzig (1911) See also 
page 116 
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There needs also to be explaincul the diffenuKa's incident to the 
salting-out of soap at a high tenii>eratur(‘. and at a lower one. 
Soap being more soluble in watcu- at a higher tenipc^rature, a higher 
absolute cornHuitraiion of salt is nupiired to salt it, out at such 
than at a lower one. The slow ri'versal in t,h(‘ system from oik^ of 
soap-in-water to one of water-in-soa]) with lowering of ti'mfx'ra- 
ture iK'eds also to l)e kept, in mind. This (explains th(^ slow gela- 
tion commonly obscnwed in th(‘ “ lye ’’ after th(' whole soa.})-wat(;r- 
salt mixture has been allow(‘d to staiul for a numbei’ of hours. 
The soaps f)f the lower fatty acids whi(;h are still soluble in water 
at the higher temperatures, (nxm when sodium chlorid or otluu- 
salt has Ikh'ii added to tlu' point where most of the soaps an; salted 
out, slowly come out of solution, become hydrated, and if enough 
of such are present, the lye its(‘lf gels.' 

9. The Finishing of Soap 


Soap may be “ finislu'd ’’ for mark(*t purpos(;s in t lie soap kid tie 
itself. Moie commonly, Iiowcyim', the ‘'curd” obtaintMl after 
coinpUde salting-out of a soap is r(*lK‘a,te<l, nnlissolviHl in more or 
less wat(',r and salted out more or l(‘ss completely a second time 
by again being treatc‘d with sodium chloritl of ditfenmt concen- 
trations. 

Depcaiding, on the one hand, upon the kind of fatty a(;ids and 
th(‘,ir quantitative relation to each otlu'r in a givcm mixture (fa,c- 
tors commonly ignon'd), upon tjie ot.hc'r, on the amount of sodium 
chlorid added, there may be obtained (1) a grained or curd soap, 
(2) a settled soap, (3) a half-settled soap or (4) a soft soap. 

> This is the system obtained in making a “settled” soap (the “Kernseife 
auf Ijemmiederschlag” of the Germans) and that upon which Mkrklkn 
made most of his observations He considers the gelatinous lye “a solution 
of soa])s in an alkaline lye containing salts", the soap curd also a solution 
of soajis in an alkaline lye containing salts” and holds th(> two to represent 
“phases” in equilibrium with each other (Francois Metiklen" Die Kern- 
seifen 13, Ilallea /S ( 1907)) As obvious from the above, the “ curd ” phase is a 
highly concentrated one of hydrated (higher fatty acid) soa]) containing some 
salt-water emulsified in it; the “lye” phase (when gelatinous) also one of 
hydrated (lower fatty acid) soap of lower concentration and containing a 
high percentage of salt-water emulsified within it. feec the succeeding section. 
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§1 

Tho grained or curd soap is obtained whenever enough sodium 
chlorid is added for comi)lete salting-oui. of the soap. Under such 
circumstances the vat contents separate into two distinct phases; 
an uppc;r consisting in essenccj of pure soap containing vciy little 
water and veiy little sodium chlorid, and a lower, in (essence only a 
strong sodium chlorid solution eotjt.aining practically no soap. 

For the ])roduction of. a settled soap a lower c()n(;eni ration of 
sodium chlorid is used. Under such circumstances separation 
into two phases also oc.curs. Tlu^ u])per is again essentially a 
curd soap but it is k^ss dry t.his time. Because of the larger 
proportion of water the soap is smoot her and of a more homogene- 
ous structure. It also contains a larger fraction of salt. The 
lower phase is still in (‘ssen(!(‘ a “ salt solution ” but because of 
the less perfect salting-out of the soap (especially of those soaps 
least sensitive; to salt, action) this ])has{; still contains so high a 
fract ion of “ dissolve'd ” soap that on cooling it jellievs. The soap 
system as a whole rei)resents what the (i(;rmans call “ Kernseife 
auf Leimnied(;rschlag ” and it is this systean which Francois 
Mkrklen ^ has st.udi(;d in dedail and to which lu; has appli{;d the 
phase rule. We qu(*st,ion whe'ther the true nature of the two phases 
has be(‘n correctly undei'stood by this author, — scarc(;ly a mjittcT 
of surprise when it is remember(;d that he worked throughout 
with nuxcA soaps. In our judgment, the series of changes ob- 
served and the natuit; of the two phas(;s finally obtained seems 
to be as follows. The concentration of sodium chlorid added to 
the original soap solution is such as will salt out the various soaps 
uneciually well and only jiartially. The soaps most sensitive to 
the presence of salt will obviously tend to come out. first, whence 
the upper fihasi; or “ curd ” (rich in soaps of the higher members 
of the acetic series, the oleat.(‘S, linolat.(;s, etc., and relatively poor 
in water) caught in the m(;shes of which is a certain amount of 
salt water. Thi; latter is responsible for tho higher fraction of 
salt found in s(;t.tled soaps when compared with pure curd soaps. 
Some soaps, (;specially those produced from the lower members of * 
the acetic series, remain in solution in the lower or salt water 
phase but with time these, too, fall out of solution and become 

* Francois Merklen: Etude surla constitution des savons du commerce, 
Marseilles (1906) 
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hydrated, whence the late jellying of the lower of the two phases 
in the vat. After such jellying has occurred, the lower phase is 
qualitatively similar to the upper phase but different in quan- 
titative composition. The lower phase',, too, is an emulsion of 
salt water in hydrated soap, but, viewed as a whole this system 
is poorer in soap, and richer in wate,r and sodium chlorid. 

To produ(!e half-.settled soap, still h'ss sodium chlorid is used in 
the finishing of an originally curded soap or, as commonly prac- 
ticed, not ('.nough salt is added to tho hot contents of the soap 
kettle to get any salting-out. On cooling, t he kettle contents sim- 
ply become fairly solid. Separation into two distinct phases 
does not occur, the contents of the kettle or soap vat simply 
changing to a soap which in essenc,e is an (*mulsion of salt water in 
a relatively higlily hydrated soap. 

If the attempt is made to increase, still further the water- 
holding capacity of a soap, a mixtun' is finally obtain(',d which is 
no long('r definit(‘ly solid. W(‘ then huv(‘ a so-called soft soap. 

The above paragraphs hav(^ (h'scrilx'd the finishing process in 
soap manufacture as carric'd out with sodium chlorid. In prac- 
ti(X', how('V(‘r, oth(‘r mat (‘,rials having an aedion similar to that of 
sodimn chlorid may be, and arc', used to ac(X)mplish similar 
ends. Instead of being “ hik'd ” with sodium chlorid solution, 
soaps may be hik'd with ingredu'iits more useful in washing, like 
sodium carbonate, borax or wat('r-glass.^ llnd(‘r such circum- 
stances there are also obtained as hnid prodmds, emulsions or 
“ solutions ” of thes(i various materials in hydrated soap. 

§2 

The inequality in distribution of such a disvsolved substance 
as sodium chlorid, alkali or sodium carbonate between the 
two phases commonly produced in a soap vat (the upper soap- 
rich phase and the lower soap-])oor phase) has often been inter- 
preted in the terms of “ adsorption.” Then' is still much debate 
about the nature of adsorption, though it is generally assumed 
that the union between adsorbent and adsorlnnl material is of a 
physical character and that it follows th(*, adsorption law, which 
states, in brief, that an adsorbent will take up relatively more 
of a dissolved substance from a dilute solution than from a more 
* See the succeeding section, page 192. 
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coiicontrated one. Without pointinjj; oiil, that none of the authors 
who liavo us(m1 the coiieepts of adsorption for the elucidation of 
vaT'ious problems in soaj>making hav<i ever supported their con- 
tentions with any figures, it is obvious, if the views expressed 
above nn', correct, that what they have taken as evidences of “ ad- 
sorption ” between ruirious so-CAilted “ dissolved ” suhstances and the 
soaps (alkali, fat and soap in the original soap k('.tt,l(‘; water, salt- 
and soap in the salting-out proc(‘ss; sodium carbonate'., water- 
glass and soap in the “ filling ” proce'ss, vie.) can nil he more easily 
understood 'merely as the expression of the emulsification of one type 
of lupiid (like fat. or salt solution) in a second (the soa])S of the 
various fatty acids with their varial)le hydrat ion ca})acities). 

In the finishing of soaps (particularly the toilet soajis) for the' 
mark(!t., tlu'n^ is often added glycc'rin or some' other akiohol. 
Under siudi circumstances the' jiroduct. is me>i‘e likely tei be trans- 
parent. Tile's re'asems feir this are^ feaind in the' nat ure eif the' col- 
le)id-e;hemic.al system soap/alcohol as cenujiare'el with that, of soap/ 
water. The' torme'r is unifeirmly cle'are'r than the latter. From 
ceiiain soap/ale;ohe)] systems, like' sexlium palmitate with be'uzyl 
alceiheil, finishenl soaps may be obtained whie;h are glasslike in 
appearance. 

10. Some Physical Constants of Market Soaps 
§ 1 ' 

Exe^lusive of aelmixture with non-saponifiable materials, exclu- 
sive of the effects e>f all adelitiems in the way of excess alkali, salts 
or fillers and cxedusive also of variation in type of solvent (pres- 
euice eir absences of glyce'rin or either alcohols) a correct estimate of 
what will be* tlie physie'o-chemical properties eif any soap must 
evidently elc'penel fii-st,, upein the kind, the 'number and the relative 
proportions eif the* fatty aciels found in the original fat used for 
saponification. With a givem base and with a constant, solvent 
(water) the* result is that, obtaineel when such a mixture of dif- 
ferent soaps is allowed to (!ome together in the presence of a lim- 
ited ameiunt of water. 

The orelinary bar of pure soap is therefore essentially only a 
solid “ solution ” of water in a mixture of sodium soaps. Except 
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in the instance of soaps dosif!;ned to meet sjKH’ial purposes, Ihe 
stock sodium soaj) (jontains a long list of different; fatty acids 
and as such serves to meet technologic nei'ds undei' tlu*. largest 
number of ordinary circ inn stances. Usually, in the manufacture 
of such soap some licRiid oil or fat (likc^ cocoanut oil) has had 
added to it smaller fractions of the more solid fats (like sUairin, 
tallow or Jajian wax). The rcjsull is a set of soiik'; ('iglit to fift('X'n 
different soaps of widely vaiying “ solubility ” in wat(‘r and sen- 
sitivenc'ss to salt action, and ])ossessed .of a chain of fatty acids of 
progressiv(dy diffenait, melting plants. 

WIkui such a mixed soap is compleb'ly saltinl out from its 
“ solvent ’’ as a curd soap it. is a relatively diy affair, the yitdd 
from U)0 ])aHs of the original fa,t bi'ing only about. 150 jiart.s of 
finisluMl soap. When luailral and carefully handled this is the 
fiasis of most, of tlu* common toilet soaps. Tlu^ advantages of 
such a material for all ordinary' laiiposi's aix' obvious. The soa.]) is 
free from any I'xcess of alkali or sodium chlorid and th(‘. siu’ies of 
soaps present yiidds a satisfactoiy (lupiid) hydrated colloid with 
water at any of the ordinaiy t.emjx'ratures at which it may be used. 
Since, mon'over, in the salt.ing-out iirocess, the higher acetic 
series soaps come out. first and tlu* low(*r oiks with the oleale come 
out lat.(‘r, the (irrathgenuni of the diflV'rent soajis witliin the solid 
bar is also such that, the most readily solubk'. ” soaps become 
hydrated and dissolves first, thus favoring disintegration of the 
bar for the produedion of the hydrated liquid colloid reejuinid 
for washing. 

It is well to disemss here the composition and nature of the 
so-call('d hot; and cold water soaps and th(^ marine soaps. A 
cold water wap is one which will in cold water yield the (licjuid) 
hydrated (colloid nec.essaiy for washing. Obviously only soaps 
rich in the lower fatty acids of the acetic seri(;s will do tliis, and 
lienee the use of pure cocoanut oil for the proiluction of such a 
soap, and the omivssioii from the soap kettle of fats rich in palmitic, 
stearic and arachidic acitls; for the same reason fats containing 
in essence only oleic, linolic- and similarly constit uted acids 
are used for such soaps. On th(i other hand a hoi water wap 
must contain the higher fatty acids, for at higher temperatures 
the lower soaps “ dissolve ” and pass through the liquid hydro- 
philic colloid state into true solution too rapidly. The marine 
waps are such as will maintain their hydrophilic colloid properties 
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(and consequently will wash) even in relatively highly concen- 
trated salt, solutions, like sea water. The ordinaiy soaps rich 
in th(5 stearates and palmitates are useless under such circum- 
stances, but the soaps of pure cocoanut oil and similarly con- 
stituted fats work very well, for t-heir entire soap series is largely 
unaffected by sodium chlorid of t,he concentration found in sea 
water. 

Tlu; settled soaps, which are smoother .and decidedly less dry 
than the curd soaps, owe .these properties to the fact that they 
hold more water than the latt(‘.r. In the curd so.aps the higher, 
more solid and more ciyst.alliiui .soaps lend tf) fall out within 
the more lujuid oiu's, thus making for noii-homog(!neous soap 
mixtures. When through such l(‘ss perfect salting-out these higher 
soaps are pe.rmitted to hold a larger fraction of water the whole 
system appears cleana-. Bc'cau.se of tlu* higher water content 
100 parts of the mixed fats commonly yic'ld 17.5 to 200 parts 
by weight of finished soaj) of t.lu^ set.tled type. 

The half-settle.d soa])S and tlu* soft soaps arc usually made 
from the kettk* contents direct. They differ from curd and settled 
soaps in containing a still larger fraction of wab^r - commonly 
250 to 600 p.'uds of finished soaj) being obtained from 100 parts 
of fat. The wat.er in these* soaps is held in ])art in the soap itself, 
in equally large or ev(;n larg(*r fraction, however, as water joined 
to filler. The fill(*.r may be sodium chlorid but commonly it is 
water-glass, exc.ess alkali, sodium carbonate or sodium borate, 
or two or more of th<'se in combination. When sodium soaps 
are filled with these materials a filial product is obtained whi(!h 
is still fairly firm. The distinctly soft soaps are usually potassium 
soa{)s made from fats and fatty acids of low melting points. 
These may be and are filled wit.h potassium salts so that the 
final yield may be iis great as ten times the orginal weight of the 
fat used. When the filling of potassium soaps is carried out with 
sodium salts a part.ial conv(*rsion to sodium soap occurs which 
tends to make the final product less soft. 

§2 

In connection with the .above facts which show how much 
water different soajis may be made to hold, it is of interest to 
introduce some experiments of C. Stiepel ^ on the hygroscopic 
‘ C. Stiepel: Fette, Oclc und Wach.se, usw , 100, Leipzig (1911). 
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properties of the sodium and potassium soaps of different fatty 
acids. Stiepel found that 100 parts of the following dry soaps 
would take up /rom the air the following number of parts by weight 
of water: 


Potassium oleate 

162 

Potassium palmitate 

55 

Potassium stearate 

20 

Sodium oleate 

12 

Sodium palmitate 

S 

Sodium stearate 

7 


As wr consider the watei-holding power of different soaps 
against Ihe forces of evaporation of much biologi(;al irnpoHance 
(since the metallic fatty acid compounds are analogous, in our 
minds, to the metallic amino (fatty) acid compounds which 
make up })rotoplasm ’) w(' wish to insert, here some experiments 
on the rate of wab'r loss by various soaps when exposed to ordi- 
nary atmos})heric conditions. The relationship between the 
chemical constitution of a soap and that of th(', rate at which 
any amount of water it holds in colloid-chemical union is lost 
to th(^ air is shown by the following: 

When 10 grams of half molar “ solutions ’’ of different soaps 
of the acetic series are placed in low evaporating dishes, 10 cm. 
in diameter, and allowed to lose water at IS'^ C., the relative 
jx5rcentag(^s of weight lost, at the end of seventy-two hours are 
as indicated m Table LVl. There is ohvioudy an inhibition to 
water loss by evaporation as ihe acetic series is ascended and a greater 
water loss in the case of the sodixmi soaps than in that of the potassium 
soaps. 

TABLIO I- VI 



Na 

K 

Pi opumate 

95 2 

93 0 

Butyrate 

92 0 

93 0 

Valcratr 

93 0 

93 0 

Caproatp 

91 0 

90 0 

Caprylatp 

90 0 

91 4 

Caprate 

8ti 0 

88 0 

Laurate 

87 0 

87 0 

Myristate 

S.** 0 

83 0 

Palmitate 

83 0 

30 0 

Margaratc; 

85 4 

15 4 

Stearate 

79 0 

16 0 


^ See page 205. 
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When half molar “ solutions ” of sodium and potassium oleate 
are studied under similar circumstances the valiuvs differ as 
follows: 

Na K 

Oleate m SI 

11. The Conversion of One Soap into Another 

The fact previously s|}ilod that one iiudal will neve^r com- 
pletely displace the metal from another soap but lhat th(‘ system 
will merely tend to the ])roduction of a slate of ('quihbjlum 
between the two has lon^; bet'ii taken advantajic of in vnrioiis 
ways in practical soap manufacdiire, both in 1h(‘ direction of ihe 
production of a k*ss “ soluble ” soaj) from a more solubk' one 
and vice versa. 

Under the first heading may Ix' c,it(‘d the producfion. of sodium 
soaps from potassium soaps. While the proc(‘ss has Ikhui largely 
discarded, it remains an interesting illustration of how, empiri- 
cally, good methods are follow(‘d even when tlu', rc>asons for the 
practices are imperfectly und(‘rstood. EsjxHaally in the manu- 
facture of sodium “ tallow ” soap was it long considenal b(',st 
to start its production through the addition of caustic potash 
to the “tallow." Aft.er the fat was convc'rted into iiotassium 
soap, this was changcal into sodium soaj) and subsequimtly salted 
out through addition of sodium chlorid. It is s('lf-evid(‘nt that 
the procedure in reality rejiresmits the production of a potassium 
soap followed by its (paiiial) dhcomj)osition to sodium soap 
through addition of the sodium salt, and the subsequmit salting- 
out of .this mixed potassium-sodium soaj) by t he excess of sodium 
chlorid mixed with the j^otassium chlorid formed through double 
decomposition, ddie process has been largely discarded in this 
count ly because of the high cost of potassium hydi*oxid and 
the lower cost of sodium hydroxid, but it is a question whether 
in so doing something of advantage in the quality of the soap 
produced has not also been sacrificed. The “ tallow " soaps 
(and still more those now produced from hydrogenated cotton- 
seed and ot,her oils) are soaps rich in the higher fatty acids (espe- 
cially palmitic and stearic) and to produce in the soap kettle 
the potassium soaps of these compounds is to produce such as 
are decidedly more soluble (and hence more quickly obtained) 
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than the corresponding sodium soaps. Rut even after their 
conversion into the sodium soaps, those made by the indirect 
process have advantages not possessed by the sodium soaps 
produced directly, the sodium soaps produced by the indirect 
process btang not only softer and smoother but being generally 
more satisfactory in the matter of lathOring and for washing 
purpose's than the straight sodium soaps. These advantages 
are dependent upon thei fact tliat Ihrough indirect manufacture 
the potassium soap is not completely uonve'rled to sodium soap; 
it continues to cany admixed a certain remnant of potassium 
soap, the technologic advantage of which over the sodium soap 
is particularly marked when tlu^ higher fatty aea'ds are concerned. 

Advantage of these g(‘neral t rut hs continues to be taken in the 
prescnit. day manufactun^ of tlu^ “ shaving ” soaps, which are 
essentially only e,arefully neutralized soa))s, wliich in addition to 
sodium (xirry a (^cHain amount of potassium as t he base combined 
with the fatty acids. B(‘(!aus(', of tlu'ir content of potassium 
soaps, especially of tlu' higlu'r fatty acids, the shaving soaps 
latlu'a' more easily than the sodium soaps and are subse- 

quently less likely to dry on th<* face.” 

Various patents and ])r()C(‘sses an' known to the soap manu- 
fac.tainT in which fats and oils an' first saponified with ammo- 
nium hydroxid and the ammonium soap is then (onvertod into 
sodium soap through addition of sodium (ddorid or sodium car- 
bonate. The unik'rlying principles are again the same; the advan- 
tages of the n'sulting soap are again those of having admixed in 
the sodium soap a cciiain amount of “ more soluble ” ammo- 
nium soap. 

The iT'verse situation, namely, that of making a “ more sol- 
uble ” soap from a less soluble one is illustrated in the P. Krebitz 
process of glycerin and soap manufacture. In this the fat or oil 
is first convertc^d into cahdiim soaj) by boiling it with caustic lime. 
The granular calcium soa]i thus ])roduced is thi'ii changial to 
sodium soap through the addition of sodium carbonate. As in 
the previously desijribed process, in which a certain amount of 
potassium is carried ovi'r, the resultant soap in this instance 
carries over certain of the attributes of the original calcium soap. 
Soaps made by this process are therefore diyer, more brittle, 
and incline to be whiter than the corresponding pure sodium 
soaps made directly from the same fatty acids. 
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IT 

FILLERS FOR SOAPS 

The extensive use of various fillers in the manufact\ire of soaps 
necessitates touching upon this problem. It has been discussed 
from many points of vi(nv. Various inventors and manufac- 
turers have been honest, in st,ating that the priinaiy purpose of 
such fillers is to meid the demand for ch(‘ap ” soap. Others, to 
justify the procedure, emjihasize the inpiroved washing charac- 
teristics of such soaps. Thus, a certa.in ex(;ess of alkali is airt ually 
necessaiy in the soafis used for ckainsing wool; an (‘xcess of 
sodium carbonate aids as a softmier, wIkmi, as is commonly the 
case, untreat('d water containing calcium or magnesium is used; 
water-glass, so (‘ommonly used t,o fill soajis, has (lolloid-chemical 
properties similar to those of soap itself. On t,he other hand, 
sugar tends to keep soaps transparent, whiki various sands and 
pumice give them abrasive properties which may b(i of serivce in 
various technologic procedun's. The fact remains, however, that 
‘‘ fillers " are commonly materials decidedly cheapi^r than soap 
itself, that they tend, in general, to add weight or water to the 
finished product and that in most instances, as one of our soap 
chemist friends (C. P. Long) puts^'it, they hasten the millennium 
when the soap maker will be able to get a bar of water to stand 
alone." 

Our problem is fortunately not concerned with the necessities 
or the moralities of the situation, but with t la* question of what the 
mixture of soap with these materials means in the terms of colloid 
chemistry. 

Most of the materials used to fill soaps (exclusive of inconse- 
quential amounts of perfume, various coloring substances com- 
monly employed, and certain “ dirt " solvents like naphtha) may 
be listed with some one of the following three groups. 

Growp 1. Sodium chlorid, sodium carbonate, sodium borate 
and sodium silicate. 

Group 11. Sugar solutions. 
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Group III. 

(A) Potato flour, tapioca meal, starches and seed husks. 

(B) Clay, barytes, asbestos, chalk and solutions of magnesium 
salts (?) 

From a colloid-chemical point of view, it is easiest to dispose 
of the third group first. With the exception of magnesium sul- 
phate (which might more correctly be placed in the first group) 
all the substances used are earths or carbohydrates which, as 
employed, are largely colloid and pejssessed of a considerable 
capacity for hydration. As siadi thciy arc therefore only materials 
which, when mix(^d with the soap, increase the volume of what is 
sold to the public as soap. This does not mean, of course, that, 
under certain circumstances, the sandlike properties of some of 
these fillei's may not be of seiwice or actually necessary in various 
washing prociisses. Since the washing properties of soaps are in 
large measure associat,(Kl with their pro]:M;rties as hydrated col- 
loids and as siudi properties an', more or less common to all hy- 
drated colloids wh(‘ther inorganic (hydrated clays) or organic 
(swollen starch grains), this fact may, of course, also be empha- 
sized. But unless the composition and such merits or demerits 
of the material which is sold to the public as soap are clearly 
stat,(Hl, the motives behind their use cannot be held to be higher 
than those always inci<lent to mere substitution. 

With the market price of sugar what it is, the use of this 
material as a filler cannot, b('. charged to any desire t,o increase 
yield while decreasing cost of production. Tlui soaps may be 
loaded ” with the sugars (which carry with them not only high 
specific gravity but also a certain amount of water), yet the 
real reason for their use sch'uis now to be that they give increased 
Iransparency to the product. How the sugars accomplish this 
is not yet settled. The sugars do not at any concentration 
“ salt-out ” the soaps so that any comVjination of t he sugar with 
the solvent (as so frequently discussed in the case of the salts) 
must either be decidedly less or of a different tyfK'.. The sugars 
clarify soap f water systems as do alcohols or aldehyds, which 
prompts us to the conclusion that they have an action like the 
last-named materials and so really owe their effects to the fur- 
nishing of such a substitute “ solvent ” for the pure water more 
commonly present in soap. 

In the substances of the first group, we deal throughout with 
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the production of systems similar to those previously discussed 
in the salting-out of soapsJ The addition of miium chloridy 
ftodium carbonate, sodium borate and sodium silicate represents 
nothing but a process in which advantiuje is taken of the fact that all 
these materials become hydrated and. emulsified in the hydrated soap, 
thus yielding a stiffer and larger amount of mixture than would the 
soap alone. In this fashion soaps can he sold with a largcu’ abso- 
lute water content and still appear “ diy.” Beyond this, the 
merits or deimn-its of tliyse filk'TS depend upon their sp(H;ific 
properties. Sodium chlorid is obviously entindy worthless, — 
it has no “ softening ” or other action upon water and its ])r(‘.senco 
interferes with the dev(‘lopment of tlu' washing effects of all soaps. 
Sodium carbonate and sodium borate do aid in I he first -named 
direction and any excess thus unused yudds an ov(U’])lus of alkali 
(aft(U‘ hydrolysis in water) which in its turn is possessed of those 
advantages which any alkali may show in spcudfic washing proc- 
(jsses. Th(‘ sanu; may be said of sodium silicaite ((^specially of the 
commercdally employed “ wat(T-glass ”) whicdi in [iddition to 
the properties alr(‘,ady mentioned ykdds colloid silicic acid when 
diluted in the process of washing. The colloid silicic acid has 
some of the propertit's which give* to soap itsedf its washing char- 
acteristics. From t.h(‘se advantage's must-, however, be sub- 
tracted certain disadvantages, as th(^ fixation of the' siliedc acid 
upon the washed materials and tludr “ ffdtiiigT the smarting of 
the skin if the soap is used for toilet purposi;s, et c. 

How sodium chlorid i)roduc(*s tlu' “ fill ” when added to any 
soap has already Ihh'ii discuss(‘,d‘.- How sodium carbonate, 
sodium silicates, sodium borate and magnesium sulphate act in 
entirely analogous fashion is illustrated for two pure soaps (sodium 
and potassium oleate) in Figs. 9fi and 97 and Tables LVll, LVIII, 
LIX, liX, LXI, LXll, LXIII and LXIV, which detail the experi- 
mental procedures follow(ul. The purpose of the soap maker 
is to obtain, from such otlierwisi; liquid mixtures as are contained 
in the cont/rol tubes shown at the extreme right of all these series, 
the solid soa})s found in tubes nearer the middle of each of the 
scries. The exact point at which such maximM,l 8111701001; of the 
soaps is obtained varies, howevi'i’, both with the type of soap 
initially employed (whether a sodium or a potassium soap, for 
example) and the natun*. of the salt used as “ filler.” At the same 
* See page 93. * See page 113 
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molar concentration sodium carbonate is least effective, sodium 
silicate takes a middle position and sodium borate is strongest. 
The photographs (and the experimental protocols) show how, as 
these different salts are us(id, the gelation point is shifted further 
toward the left. It will be noted that sodium borate at half the 
concent ration of sodium silicates produces an equal degree of soap 
filling, jind, also, that the sodium borate is as powerful in ultimate 
effects as double \ho c^oiKientratioii of magnesium sulphate.^ 
It is qiK^stionablc^, of coui*se, whether the addition of miignesium 
sulphate to soap has any iustific-ation whatsoever save that of 
giving “ load.” Magru'sium sulphate' adds nothing to water which 
improves its washing charaeterislics and, as the lowermost series 
of tubes in Figs. 90 and 97 show, it, also partially dcicomposes 
the sodium or potassium soap into the poon'r magnesium soap. 

It, will be observed in comparing the two figuri^s that there is 
a shifting of the gi'lation jioint toward the h'ft as a sodium soap 
takes t,h(^ place of an equally (oncentrated potassium soap. This 
is again identi(;al wit h th(' similar shift observiMl in all the ” salting- 
out ” ex])erim('nts prc'viously described. 

Ordinarily, in the manufacture of the hik'd soaps, the addition 
of water-glass, borax or otlu'r material is carried to the highest 
point possible; short of the “ cracking ” or ” liepiefying ” of the 
mixt.urc, or the “ salting-out ” of the soap. This jioint is always, 
<)bviously, somewhere on this side of the optimum gelation point. 
When through careless mixing or c'lTor in judgment the hlling of 
a soap is carried beyond this (uitical jioint, (represented by tran- 
sition from the system salt.-water-in-hydrated soap to that of 
hydrat,ed-soap-in-salt-water) what is to be done? What mud 
he accomphshed t.s the reverml in type of system through dilution of 
the salt and iyicrease in the absolute amount of soap in the system. 
The pro^^er result is not obtainable, however, through mere 
addition of more soaj) and wat(;r. One might think that it could 
be obtained by heating and subsequently cooling the mixture, but 
the soap in these mixtures is near the “ stringing ” point and 
therefore dangerous to heat; or the added compounds are of a 
type which will not stand boiling without suffering hydrolysis 
and permanent decomposition. The best way to proceed is to 

* In such observations, obviously, lie interesting material facts covering 
the matter of the quantity of “hydration” suffered by different salts in 
solution. 
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Figure 96. 
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Figure 97 . 
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dilute the spoiled mixture and let it stand ^ (thereby diluting the 
salt and allowing the soap to increase its hydration); more soap 
may then be added and more time given. This may by itself 
accomplish the desired end, but, if it does not, the whole batch 
should be mixed, with proper stirring and sufficient time, into 
the much smaller batch of soap/wat-er stock thought necessary 
for the production of the correct ultimate system. 


* TAliLE LVIl 

SoDi u M Ole ate — Soch mu ( 'arhonalf 


(1) 5r(> 

(2) Tmt 

(3) 5ee 

(4) r>cc 

(5) Scr 
(ft) ft cc 

(7) ftc- 

( 8 ) ftcc 

(9) ft(T 

( 10 ) ftci- 

(11) ftfc 


Conrontrafioii of niixturf 

Hemarks 

ni sodium oloato+9 CO 11*0 + 1 or m/2 NajCOi I 

Mobile liquid 

+8 cc 

“ +2cc •• 

Mobile liquid 

“ • • “ + 7 cc 

•• +3cc “ 

Mobile liquid 

+ft cc 

" +4cc " 

Viscid liquid 

+ft cc 

“ fftcc •• 

ViBCid liquid 

• • <- -f 4 oc 

•• +ftcc “ 

Vci V viscid 

t3 cc 

«• •• 

Solid Kel 

f 2 cc 

•• +8cc •• 

Solid rpI 

-flee 

“ +9cc “ 

Solid Rcl 

-f 10 cc 

m/2 Nu*COi 

Kohd ftel 

•• •• -l-iocc 

H 2 () (control) 

Mobile liquid 


’ There is no element in technologic practice involving lyophilic colloids 
which is less considered and less projierly employed than tins of time The 
chemist IS so obsessed by the theories and so ruled by his experience with the 
dilute solutions that he believes that his colloid mixtures ought to act similarly 
Whenever a lyophilic colloid is concerned it should be remembered that its 
solvation or its desolvation takes all the time which may be included in a proc- 
ess of diffusion, of solution and of chemical union— and these things are rarely 
instantaneous Even when mixtures are correctly made from a quantitative 
standjioint, the result may be worthless if proper time is not given for the 
physico-chemical changes necessary to yield the proper ultimate system. 
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TABLE LVIII 

Sodium Oleate — Sodium Silicate 


Courpntration of mixture 

Remarks 

fl) 

5 ec 

m Hodium oleate + 9 cc 

Hi04-1 cc m/2 Na 28 i(>» 

Mobile liquid 

(2) 

6 cc 

+8cc 

“ 4 2cc “ 


Less mobile liquid 

(3) 

5 cc 

-+ 7 cc 

' ‘ 4 3 cc ■ ‘ 


Viscid 

(4) 

5 c( 

+6cc 

“ 4 cc 


Very viscid 

(5) 

5 cc 

“ “ “ -f 6 cc 

■■ -fficc “ 


Solid gel 

(6) 

f) nc 

4-4 cc 

“ 4- ft cc “ 

“ 

S(4id gel 

(7) 

5 cc 

4 3 cc 

“ 4-7cc “ 


Beginmug separation 

(8) 

5 cc 

4 2 .-0 

■■ 4-Kcc “ 


Great dehydration and separa- 






tion 

(9) 

5 cc 

4-1 cc 

“ 49<c “ 


Great dehydration and separa- 






tion 

( 10 ) 

A cc 

4 H) cc 

ni,2 NajSiOi 


Great dehydration and separa- 






tion 

(11) 

5 cc 

4- 10 cc 

H«0 (coiitnil) 


Mobile liquid 


PARLE LIX 

Sodium Olkate — Sodium liorote 




(■'oncentraf ion < 

f mixture 

Remarks 

(1) 

ft cc 

m sodium oleate 

4 9 cc 

11*0 4-1 cc m/4 Na^BiO? 

Mobile Iniuid 

(2) 

Ti iiv 


4-8 cc 

“ 4-2 cc 

White, milky, mobile liquid 

(3) 

ft cc 


4-7 cc 

“ 4-3 cc •• 

While, milky, mobile liquid 

(4) 

5 cc 


+ ftcc 

‘ ‘ 4-4 cc “ “ 

Milky soap on top, water on 
bottom 

(A) 

ft ce 


-+-ft cc 

4-ftoo •• 

Milky soap on (op, water on 
bottom 

(ft) 

ft cc 


4 4 cc 

‘ ‘ 4-ft ee^ •’ 

Milky soap on top, w-ater on, 
bottom 

(7) 

a cc 


4- 3 cc 

•• 4-7CC “ 

Milky soap on top, water on 
bottom 

(8) 

3 cc 


4-2 cc 

4-8cc “ 

Milky soap on top, water on 
bottom 

(9) 

5 cc 


M cc 

-I-Occ “ 

Yell )w soap on top, much 
water on bottom 

(10) 

5 cc 


4-lOcc m/4 Na2B40T 

Yellow soap on top, much 
water on bottom 

(11) 

6 cc 


-f 10 c 

H*0 (control) 

Mobile liquid 
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TABLE LX 


Sodium Oleate — Magmmmi Sulpfuite 




Concentration of mixture 


Remarks 

(l) 

r» rc 

ni sodium oleate +9 5cc. HjO+O 

Arc in/2 MrSOi 

Fairly mobile milky liquid 

(2) 

5 cr, 

+9 Occ 

“ +1 

Occ 

Solid white Rcl mixture 

(3) 

ftcc 

“ ■■ “ 4 8 See 

“ +1 

Ti PC “ * ‘ 

Solid white Rraniilnr gel 

(4) 

5 rc 

+8 Occ 

•• +2 

0 cc “ 

Solid white RrHinilar gel 

(6) 

5 cr 

+7 Arc 

*• +2 

5 or ' * 

Granular white soap, beginning 
separation 

(6) 

A cr 

+7 Occ 

+2 

0 cc “ “ 

Granular white soap, more eep- 
aratiori 

(7) 

5 cc 

+6 5 cc 

+3 

5 cc “ 

Granular white soap, more sep- 
aration 

(8) 

5 cr 

Occ 

“ +4 

0 cc “ “ 

Granular white soap, more sep- 
aration 

(9) 

5 cc 

“ “ " 4 A Arc 

“ +4 

A cc “ “ 

Granular white soap, more sep- 
aration 

(10) 

5 cc 

“ •* “ +A Occ 

•• +A 

0 cc “ “ 

Granular white soap, more sejv 
aration 

(11) 

5 cc 

“ “ “ +10 Occ 

HjO (control) 

Mobile liquid 


TABLE LXl 

Potassium Oleate — ( 'ariioriatc 


Goncentratioii of mixture 

Remark 

(1) .5 cc m potassium oleate +9 cc 

HjO + 1 cc m/2NasC03 

Mobile liquid 

(2) Acc “ 

+8ce 

+2cc 

Mobile Iniuid 

(3) Acc “ 

•' +7cc 

“ +3cc 

Mobile liquid 

(4) Acc. ■■ 

“ +6cc 

“ +4cc 

Mobile liquid 

(5) Acc, “ 

+Acc 

“ +Acc “ 

Mobile liquid 

(6) Acc “ 

“ +4cc 

'• +6cc *“ 

Less mobile liquid 

(7) Acc “ 

“ +3cc 

•• +7cc *■ 

Viscid liquid 

(8) Acc “ 

“ +2cc 

+8cc “ 

Very viscid liquid 

(9) Acc “ 

“ +lcc 

“ +9cc “ 

.Almost stiff 

(10) Acc 

“ +10 cc 

in/2 NajCO* 

1 Almost stiff 

(11) Acc “ 

“ +10 cc 

HiO (control) 

Mobile liquid 
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TABLE LXII 


Potassium Ole ate — Imodium Silicate 


Uonoonf ration of mixture 

Remarks 

(1) T) ee 

m puiaRBium oleate 4 9 ee 

1 ec m/2 NaiSiOj 

Mobile liquid 

(2) r> rc 

“ -4 8 ee 

• • -4 2 .-c “ 

Mobile liquid 

(3) r. re 

“ +7re 

‘ ‘ 4 3 er “ 

Mobile liquid 

(4) r. rc 

“ “ ■■ +0re 

“ -tire “ 

Mobile liquid 

(5) Ti rr 

'■ •• '• +5ee 

‘ + 5 rr ‘ 

Viscid liquid 

(ti) ore 

• • + 4 ec 

“ +0rr “ 

Viscid liquid 

(7) Tier 

‘ ■ -4 .1 or 

-f7rr “ 

Viscid liquid 

(8) ,.rr 

'• •• “ -f2rr 

“ +8rr “ 

Solid gel 

(9) 5 rr 

“ “ ‘ ■ + 1 rr 

“ +9rr “ 

Solid gel 

(10) T) -r 

■■ -MOrr 

m/2 Na 2 SiO* 

Viscid liquid 

(in wr. 

• ‘ ‘ + 10 rr 

H 2 t) (control) 

Mobile liquid 


TABLE l.XIH 

I\)TAKsiuM Oleate — Siniium Borate 




C’onreritrul ion of 

iiiixt me 


Hemaiks 

(1) 

r, ('<' 

in fiotasSHini oleate +9 rc 

IhO-M cc m '4 Na2Bd)7 

Clear mobile liquid 

(2) 

5 I'c 

• ■ ‘ • “ + 8 cc 

“ +2cc “ 


Cloudy mobile liquid 

(3) 

5 cc 

+7cc 

“ -4 3 cc ' • 


Milky mobile liquid 

(4) 

5 cc 

“ “ '}-Gcc 

“ +4 rc •• 


Milky mobile liquid 

(fl) 

5 rt 

“ “ “ 4 5 cc 

“ + r> cc ■ • 


Milky mobile liquid 

(b) 

5 cc 

“ “ -4-4 cc 

“ -40 cc “ 


Milky, less mobile liquid 

(7) 

5 cc 

• • •* “ -4-3cc 

“ -47 cc “ 


Milky viscid liquid 

(8) 


“ •• “ f2cc 

• • -f 8 cc ‘ • 


Milky, almost stiff 

(9) 

f) cc 

“ •' “ +1 rr 

“ 4-9 cc “ 


Milky, almost stiff 

(10) 

/> cc 

“ ‘ • • • + 10 Cl 

:• m/4 Na2B407 


Milky, almost stiff 

(11) 

5 c<' 

“ •• “ -4-10 r< 

-• H 2 O (conliol) 

• 


Mobile liquid 


TABLE LXIV 

Potassium Oleate — Magnetaum Sulphate 


Concent rat ion of mixture 

Remarks 

(1) 

5 rr 

m potassium oleate 4- 9 5 cc 

H 2 O- 4 O 6cc m/ 2 MuS 04 

Fairly mobile milky liquid 

(2) 

5 cc 

“ “ “ -4 9 0 rc 

•• -41 Ore •• 

Viscid milky liquid 

(3) 

f) CC 

“ “ " -4 8 5cc 

•* -41 6cc •' 

Solid milky gel 

(4) 

5 cc 

“ “ “ -4-8 Occ 

“ -4-2 Occ “ 

Solid milky gel 

(5) 

5 cc 

“ “ “ -47 r>cc 

“ -42 ,6cc •• 

Solid white soap at top 

(6) 

5 cc 

“ “ ••-47 0 cc 

•• -f3 Occ •• 

Solid white soap at top 

(7) 

5 CO 

“ “ • ‘ - 40 .') cc 

•• -43 6cc “ 

Solid white soap at top 

(8) 

.'5 cc 

“ •• -4-6 Occ 

“ -44 Occ. •• 

Solid white soap at top 

(9) 

5 cc 

“ •• •• -45 6cc. 

“ -44 See. •• 

Solid white soap at top 

(10) 

5 cc 

“ •• “ -4-6 Occ 

•• -45 Occ •• 

Solid white soap at too 

(11) 

6 cc. 

“ “ • • -4 10 0 ec 

H*0 (control) 

Mobile liquid 
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PART THREE 


THE ANALOGIES IN THE COLLOID-CHEMISTRY OF 
SOAPS, PROTEIN DERIVATIVES AND TISSUES 


1 

THE CHEMICAL AND COLLOID-CHEMICAL BEHAVIOR OF 
FATTY ACIDS AND THEIR DERIVATIVES AND THE 
ANALOGOUS BEHAVIOR OF “NEUTRAL” PROTEINS 
AND THEIR DERIVATIVES 

1. Introduction 

Thk experiments on the colloid-irliemistiy of the various pure 
soaps detailed in the preei'diiif:; paj;(^s w(U’t^ und(jrtaken originally 
in order to obtain a c-leanu* eonceplion of the natun^ of water 
absorption by protoins when various alkalies, acids or salts, alone 
or in combination, are jidded to them; this conception being 
wanted, in its turn, in order to understand the law’s of water 
absorption as (jbs(‘rv(‘d in liviifg matter. It will l>e the purpose 
of the next paragraphs to show that, the laws emphasized as gcwern- 
ing the “ solution ” and “ hydration ” of soaps are identical with 
those which govern the “ solution ” and “ hydration ” of various 
protein derivatives ami that these, in turn, are the analogs of the laws 
which govern the absorption of water by cells, tissues and the whole 
living organism under physiological and pathological circumstances, 

2. The Chemical Behavior of the Fatty Acids and the Analogous 
Behavior of the Amino- Acids (Neutral Proteins) 

It is well to emphasize, first, some obvious chemical analogies 
existent between the fatty acids and the materials which may be 
derived from them (the soaps) and the so-called “ neutral ” 
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proteins and the materials which may be produced from them. 
It is of interest to bear in mind that the proteins are not only 
polymerized amino-acids, but that frequently their constituent 
amino-acids are amino-fatty-acids, as witness, amino-acetic, 
amino-valeric, amino-caproic and amino-succinic acids. The 
alleged “ neutral'' “ native " or genuine " proteins are no more 
neutral than are any of the higher fatty acids. As the fatty acids may 
combine with base to form “ soaps,” even so may the polymerized 
amino-fatty-acids combine with base to form analogous ‘‘ soap- 
like ” compounds. It is important for our future discussion that 
this comparison of the neutral proteins with the free fatty acids 
bo chiarly kept in mind.^ 

What , now, are th(5 solubility characteristics of the pure fatty 
acids and the pure neutral proteins in water and for water? 
Just as certain fatty aciids (like th(; lowermost members of the 
acetic series) are readily soluble in water, so also do certain native 
proteins prove “ soluble ” in water (as witness the various salt-, 
acid- and alkali-free, “pure” albumins). On the other hand, 
as other fatty acids (like the higher members of the acetic series) 
prove insoluble in water, so also do various native proteins (as 
witness casein, fibrin, alkali-, acid- and salt-free globulins, etc.). 

The solubility of water in the fatty acids or in the pure pro- 
teins is hardly to be found discussed as such. The simpler fatty 
acids “ dissolve ” so readily in water and arc so universally 
thought of as “ aqueous solutions ” that the mere raising of the 
obverse question in their case will seem, to many, absurd. Water 
is, however, sufficiently souble m«the higher fatty acids to make 
necessaiy its consideration, when, commercially, a given weight 
or volume of material is to be bought and paid for as fatty acid. 
In the case of the pure proteins these tilings are variable. In 
those commonly designated as “ insoluble ” (casein, for example) 
the solubility for water is so low as to be generally neglected. 

’ Of great interest in connection with this similarity between the colloid- 
chemistry of the fatty acids and that of the amino-fatty-acids (the proteins) 
are some observations of Krafft and Wiolow [quoted by Lewkowitsch: 
Oils, Fats and Waxes, 1 , 13t'i (1913)1 whose work unfortunately we have not 
been able to find in the original These authors note that the amins of the ' 
fatty acids behave hke the corresponding fatty acids. While the alkali salts of 
the lower amino-fatty-acids on solution in water behave like crystalloids, 
those of the higher amino-fatty-acids fail to raise the boiling point of water 
the calculated amount and in other physico-chemical respects betray them- 
selves as colloids. 
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From this it may rise 1o gn'at values, as witness the amount 
of fluid “ absorbed ” by neulral gc^latin, by diy serum-albumin, 
etc., when these are thrown into water. 

These characteristics of solubihti/ in water and for boater of the 
different fatty acids and the different pure, “ neutral " proteins 
must he kept in mind if their eolloid-chenustry nr that of their deriva- 
tives IS to he properly undtrstood. 

If we now write the formula of any fatly acid a-s: 

.r ('OOH 

then that of ariy amino-fatty-aeid (or its j)olymei', protein) may 
be written: 

.r-C()()H 

1 

NTI2 

To produce a “ soai).” sonu* bas(‘ is substituted for the II in the 
first formula wntlen above; to i)i'odue{‘ th(‘ analogous ‘‘ soa])- 
lik(^ ” com})Ound from t,h(‘ latt('r, th(‘ sa,m(‘ base is substituted fur 
the similarly placed H of the second formula. As we produ(!e 
potassium, sodium, calcium and iron soa))s we can also produce 
potassium, sodium, calcium and iron ))rot('inates. 

Every new soap and every new soap-like compound thus pro- 
duced has solubility charactendics in water and for water different 
from those of the orujinai fatty acid or the original aim no-fatty-acid 
(protein) from which it was produced 

The amino-acids havii, howeyfu’, wider possibility's for easy 
union with other materials than hav(‘ t,h(^ fatty acids. While 
the latter, for example, do not unite readily wit,h acids, the former, 
through their NII 2 groups, do. In this way there may therefore 
be produced a scicond s(‘ri(\s of (hu’ivatives which iiiay be desig- 
nated as the chlorids, bromids, ac-(flates, sulphates, phosphates, 
etc., of the proteins, each iigain possessed of its own solubility 
in water and solvent power for water. 

We are now in a position to consider the colloid-chemistry 
of tlie pure proteins and t hat of their basic and acidic derivatives, 
not only to s(h', how these mimic the colloid-clKunical behavior 
of the pure fatty acids and their basic dc'rivatives (the soaps) 
but in order to obtain what seems to us a simpler general con- 
ception of what happens when protein/ water mixtures show the 
evidences, under different circumstances, of swelling, gelation, 
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precipitation, irreversible “ coagulation/’ etc. A detailed con- 
sideration of many proteins is impossible within the pages of this 
volume, but the two to be discussed may serve to illustrate the 
main types. For purposes of illustration we shall take up, in 
analogy to the similar tyixis of pure fatty acids, (a) a protein 
which is “ insoluble ” in water, namely, egg-globulin and (6) 
another which is “ soluble,” namely, gelatin. What, is said of 
egg-globulin may Ix^ taken to apply to all the globulins, casein, 
myosin and nucleic acid. What is said of gelatin may be applied 
to the various albumins.’ 

3. The System Egg-Globulin /Water 

The ” neutral ” globulin us('d in the experiments about to 
be descrilx'U was obt ained by diluting strongly with distilled water 
(8 volumes) the whites of absolutely fresh eggs. Th(^ globulin 
which f(dl out, at, the (uid of twenty-four hours in an ice box was 
simj)ly filtered off,. washed sevc'ral times with distilkul watc'r and 
used at once in its moist (oudition. While by more elaborate 
methods a “ cluanically ” purm* product might have been obtained, 
we feared the consequence's of the mon^ drastic chemical methods 
necessary to produce' such upon the ccjlloid propeiiies of the 
final product. The globulin employed in the. following experi- 
ments was all from the same lot, contained 92 percent water 
as used and 0.045 percent ash calculatcel upon the wet weight 
of the globulin. 

Moist globulin (in analogy to the higher fatty acids) is obvi- 
ously “ insoluble ” in water anchis compared wit h gelatin, albmnin, 
etc., a relatively poor solvent for water (92 jx^rcent). We wished, 
first,, to show that a soap-like compound (a basic globulinate) 
could be obtained from such globulin through treatment with 
a proper alkali, which, in t he presence of the right amount of water 
would (like the corn^sponding soap) yield a solid jelly, in other 

’ The purest selat iiiB on 'which the ordinary colloid-chemical studies have 
been made, to which we refer here and upon which some succeeding experi- 
ments are based (see page 218) still contain traces of salts. Wolfgang 
O sTWALD has directed my attention to the fact that when such gelatins are 
subjected to dialy.si8 while an electric current is passed through them a gelatin 
free from all base and acid may be obtained 8uch gelatin is, however, as 
“insoluble” in water and as little hydratablc as the ordinary globulins. 
Obviously, under such circumstances, the behavior of all the proteins (includ- 
ing in other words gelatin and the “albumins”) becomes that of the type 
described under the globulins. 
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words, a system representing a “ solution of water in the basic 
globulinate. For this purpose 2 grams of the moist globulin 
were carefully weighed into each of a number of test tubes and to 
each was then added 0.5 cc. of an alkali of proper strength to 
yield the final concentration in the whole of each of the systems 
indicated in Table LXV. The descriptions refer to the appear- 
ances of the mixtures at the end of twenty-four hours, twenty 
of which were spcait in an ic(; box and four at room temperature. 
The photographic appearance of the three sets of tubes (all 
made at the same time, from the same globulin and under iden- 
tical circumstances) is shown in the Figs. 98, 99 and 100. It is 
apparent that these potassimn, sodium and barium globuhnates 
(like the corresponding soaps) have greater solvent powers for 
watc^r (and hence gel in the presence of a larger volume of the same) 
than has the original “ neutral ” globulin (or the original fatty 
acid). But of the three soap-like compounds the potassium 
globulinate is most soluble in water, wherefore it is the first to 
go through a jellying sPigc “ into solution.” Sodium globulin- 
ate occupies a middle position in this regard. Barium globulinate, 
while poss(^ssed of relatively low powers of hydration is so insolu- 
ble in water that it maintains its gel state throughout the series 
of (ixperinu'jits. 

Having seen that with progressive additions of alkali, neutral 
globulin in the prcjsence of a fix(‘d volume of water passes suc- 
cessively from (1) a (relatively) non-hydrated material through 
(2) a state in which water is dissolved in it, into (3) a state in 
which it is dissolved in the water, we wished to see what were the 
effects of mere dilution upon the final system and if the basic 
globulinate thus formed could be precipitated a sec^ond time 
(salted-out) by further addition of the alkali (as can a soap) . Fig. 
101 and Table LXVI answer these questions. The first five tubes 
merely show again how with progressive increase in amount of 
alkali (sodium hydroxid), solution ” of a “ globulin ” (really 
solution of sodium globulinate) may be obtained. To such a tube 
as 4 much water ^ may now be added without change, as evidenced 

^ Not, however, an unlimited amount, for in too much water hydrolysis 
of the sodium globulinate takes place and the free acid (globulin) again begins 
to fall out This constitutes the principle upon which “globulins” are 
obtained through dilution with much water It is not the sodium globiUinate 
which falls out, or, in the terms of soap chemistry, it is not “the soap” which 
is “insoluble” in water but the “fatty acid” resulting from hydrolysis. 
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Figure 100 . 
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TABLE LXVI 

Ego-Gi^obulin and Sodium Hydkoxid 


Tube 

number. 


(’on 

ci-atratiun of mixtuio 

licniarks 

C'ontiol 

2 

inomt globulin -j-O •'» t’c 

HaO 

White flocculent precipitate 

1 

2 KIIIH 


■ ‘ +0 5 PC 

I/IO n NaOlI 

Solid gel 

2. 

2 giiirt 


+0 .) cc 

2/10 11 

('Icai viscid lujuid 

3 

2 gniH 


+ 0 5 ct 

:i/io n 

C'lc ii viscid liquid 

4 

2 Bins 


1 0 :• cc 

12 n 

f'leur liquid 

n 

2 b»>h 


1 r. (1 cc 

8 n 

(Mear lupiid 

b 

2 Rins 


“ j r* (1 cc 

9 n 

Clear liquid 

7 

2 Kins 


b.5 0 cc 

lOn 

(Moudv liquid 

8 

2 Kins 


“ +5 0 cc 

111! 

Paitittl saltiiiK-out 

9 

2 K'lis 


“ +5 0 cc 

12 11 

Complete saltiiiR-out 


TABLE l-XVIl 
Ecjg-Glorulin and Acids 


Control (ILO) 

And 

Final coiicentiatioii of the acid in the Hvstein 

1 /5(M) n 

2/ltM) 11 

5/ltR) n 

10/100 n 

15, UK) n 

White flocculent pie- 
eipitate 

Hvdio- 

chloiic 

White 

flocculent 

piecifll- 

liite 

White 

flocculent 

lirecipi- 

tiite 

White 

flocculent 

piecipi- 

tHte 

White 

floeeuleiit 

pret ipi- 

tate 

White 

flocculent 

precipi- 

tate 

White (iocculent pre^ 
eipitute 

Luctu 

■ 

White 

flocculent 

precipi- 

tate 

W^ute 

floci'ulent 

piecipi- 

tate 

White 

floeeuleiit 

precipi- 

tate 

Slightly 

hydrated 

precipi- 

tate 

Slightly 

hydrated 

precipi- 

tate 



Fund concentration of the acid in the system 

Control (IhOI 

Acid 

2t>''l(M) 11 

40/100 n 

t)U/ 1(K) n 

80/100 n 

100/100 n 

White flocculent pre- 
cipitate 

Hydro- 
chloi 1 C 

Hydrated 

prei-ipi- 

tate 

Hydrated 
pi ecipi- 
tate 

Hydrated 

jireeipi- 

tatc 

Hydrated 

precipi- 

tate 

Hydrated 

precipi- 

tate 

White flocculent pie- 
cipitate 

Lactic 

Hydrated 

precipi- 

tate 

Hydrated 

precipi- 

tate 

Gel 

Gel 

Gel 
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in tube 5 of Fig. 101. But if in such a volume of water the con- 
centration of alkali is progressively increased the sodium globu- 
linate (commonly and wrongly designated globuhn ”) begins to 



Figure 101 . 


fall out until complete separation from the dispersion medium is 
obtained (see the tubes 7, 8 and 9). 

Figs. 102 and 103, with Table LX VI I, show that when the 
neutral globulin is converted into a chlorid or lactate (for 
which chemical change there is no analog in the case of the pure 



Figure 103 . 


<fatty acids) these compounds are again better solvents for water 
than the original globulin, in consequence of which the tpbe con- 
tents again gel. The successive acid tubes of Figs. 102 and 103 
may be compared with the alkali tubes of the same concentrations 
of Figs. 98, 99 and 100. Experimental procedure was the same in 
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both. It should only be noted that the concentrations marked 
on the labels of Figs. 102 and 103 are those of the acid as added. 
The final concentrations are given in Table LXVII. 

Such experimental findings as have just been described are 
more commonly hsted, as by the physiological chemists, as experi- 
ments on the “ solubility ” of proteins; or by the physical and 
colloid-chemists as Studies on the effects of alkalies and acids upon 
such “ solubility ” or some other of the gcmeral chemical or colloid- 
chemical properties of the systems as a whole (as their viscosity, 
their electrical conductivity, their contcmt of hydrogen and 
hydroxyl “ ions,” etc.). To understand these systems properly 
it is obviously micessary to recognize and carry in mind the effects 
of (a) the quantitative relationships of the water content of the 
systems to the remaining material in them, {h) the chemical con- 
versions of “ neutral ” compounds into basic or acidic derivatives, 
(c) the alterations in solubility and hydration capacity accompany- 
ing such conversion, (d) the types of systems produced (whether 
all hydrated colloid, all solution in water or subdivisions of the 
one in the other) and finally (c) the changes in viscosity incident 
to “ emulsification ” or “ suspension ” of any of the original 
unchanged globulin ” in such hydrated derivatives as may be 
produced. How inadequate lor the understanding of the colloid- 
chemical behavior of such systems are the overplayed “ stoichio- 
mctrical,” “ chemical,” “ electrical,” “ hydrogen and hydroxyl 
ion ” notions, usually called upon to explain in some exclusive 
fashion ail the changes observed, must be self-evident. 

Stoi(‘hiometrical views covei^ only those parts of the whole 
problem which have to do with the quantities produced of dif- 
ferently hydratable or soluble compounds; “ chemical ” notions 
are no more adequate for the explanation of the problem than 
they are, at present, for the understanding of the whole problem 
of solution; electrical and ionic notions are hardly of service when 
it is remembered that the most stabile of these hydrated eolloid 
systems are such as are composed of chemically produced, really 
neutral compounds of protein with ha^e or add, provided only that 
not more water is present in the system than can be absorbed by 
the hydration capacities of the protein derivatives. Yet these 
colloid systems contain no quantities of either hydrogen or hydroxyl 
ions measurable by ordinary laboratory means. The measurable 
hydrogen and hydroxyl ion contents of different protein /water systems 
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upon which such emphasis has been laid for the explanation of their 
stability are only observable in relatively dilute systems; the ion 
contents are not inherent to, or necessary for, the stabilization; they 
are accidental accompaniments incident to the solution of some of the 
basic and acidic proteins in the excess of water and their hydrolysis 
with the production secondarily of an overplus of hydrogen or hydroxyl 
ions. 

Evidence for the general truth of these contentions may be 
found in the following experiments in which “ neutral ” globulin 
in the presence of a constant volume of water is exposed to the 
action of various neutral salts. As ordinarily put, such “ neu- 
tral ” globulins are said to be “ soluble ” in dilute salt solutions. 
To our minds, this is not true. The salts again react with the 
neutral globulin to yield globulin derivatives of the general 
formula base-protein-acid which, like the previously described 
base-protein and protein-acid compounds, also have a higher 
hydration capacity and a greater solubility in water than the 
original globulin. 

Figs. 104, 105, 106, 107 and 108 reprodu(;e photographically the 
findings described in Table LXVIII. Obviously a hydration of 
“neutral” globulin may be induced through the presence of various 
neutral salts as readily as tlirough the presence of alkalies or acids, 
in other words, in t he absence of any such hydroxyl or hydrogen 
ion concentrations as are commonly alleged to be responsible for 
such a result. It is not the neutral globulin which is hydrated, 
but its salts. In the experiment's just described, these are pro- 
duced because globulin (like thC lower fatty acids of the acetic 
series) has sufficient chemical reactivity to unite with the products 
of the hydrolysis of any neutral salt (acid and alkah). 

Table LXVIII and the figures again show (in analogy to the 
similar soaps) that the potassium and sodium derivatives of glob- 
ulin are sooner and more highly hydrated t han the corresp)onding 
magnesium and calcium derivatives (the contents of the tubes 
holding the latter being not only less swollen but whiter). The 
mercury derivative is so little hydrated that it remains a prac- 
tically anhydrous, leather-like mass in all the tubes. 

In order not to lengthen these pages unduly with protocols, it 
may suffice merely to state that findings entirely similar to those 
just described are obtainable with the neutral salts of the soluble 
sulphates. 
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PiGTJEE 105. 



Figure 107. 



Figubs 108. 
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.TABLE LX VI 1 1 


Egq-GvOIUTLIN ANrr Chlokids 


Control 

Hit) 

8alt 

Final concentration of the salt in the system. 

1/45 m ' 

1/40 in 

i/;i5 III 

1 /3G m 

1/25 m 

White curdy 
precipitate 

J^Cl 

White ciiMy 
precipitate 

White curdy 
precipitate 

White curdy 
prlicipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

NaCl 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

MgCb 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White ouidy 
precipitate 

CaCb 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

IIkCI, 

Tough white 
curdy pre- 
cipitate 

Tough white 
curdy pre- 
cipitate 

Tough white 
curdy pr«*- 
cipitate 

Tough while 
euidv pre- 
cipitate 

Tough white 
curdy pre- 
cipitate 

Tube numbei 

1 


3 

4 

5 

Control 

H»0 

Salt 

Final concontiatioii of the rntlt in the syntem 

1 /20 in 

1/15 m 

1 10 III 

1/6 m 

1/1 in 

White cUrdy 
predlHtate 

K(^l 

Partially 

hydrated 

Partially 

hy^ated 

Partially 

hydrated 

Transparent 

gel 

Transparent 

gel ” ^ 

White curdy 
precipitate 

NaCl 

White curdy 
precipitate 

Partially 

hydrated 

Partially 

hydrated 

Partially 

hydrated 

Transparent 

gel 

White curdy 
precipitate 

MgClj 

White curdy 
precipitate 

White curdy 
precipitate 

White curdy 
precipitate 

Milky gel 

Transparent 

gel 

White curdy 
precipitate 

CaClz 

White curdy 
precipitate 

Partially 
hydrated 
white mass 

Partially 
hydratqfd 
white mass 

Partially 
hydrated 
white mass 

Partially 
hydrated 
white mass 

White curdy 
precipitate 

HgCl, 

Tough white 
curdy pre- 
cipitate 

Tough 
slightly 
hydrated 
white mass 

Tough 
slightly 
hydrated 
white mass 

I.<eathery 

white 

mass 

-'tj* 

Leathery 

white 

mass 

Tube number 

0 

7 

8 

9 

10 
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4. The System Gelatin/Water 

We shall now consider a “ neutral ” protein which, when com- 
pared with the fatty acids, is not “ insoluble ” in water (as glob- 
ulin) but “ soluble,’’ namely gelatin. The ordinary alleged acid- 
and base-free gelatm ^ will, by itself, with water, show all the four 
types of hydrophilic collaid sijsterns described for the soaps? 

Dry gelatin absorbs water (to yield the system water-dissolved- 
in-gelatin) and has a limited solubility in watc^r (to yield the system 
gelatin-dissolved-in-water). Between these extn^mes and depend- 
ing merely upon the relative amounts of gelatin and water present 
there lie the systems gelatin-solution disi^ersed in hydrated-gelatin 
(gel) or, with more water, hydrated-gelatin dispersed in gelatin- 
solution (sol). 

What is the action of alkalies (or acids) upon these systems? 

Under variously worded headings this problem has received 
much study. The effects of alkalies (and acids) upon the lower- 
most of the four systcnns may be found d(‘S(;rih)ed und(‘T the cap- 
tion “ swelling ” of gelatin in the presence of acids and alkalies;^ 
their effects upon the system gelatin-solution-in-hydrated-gelatin 
under the heading liquefaction and solution ” of gelatin;** their 
effects upon the system hydrated-gedat in-in-gelatin-solution under 
studies in viscosity;'* their effects upon the system true solution 
of gelatinrin-water as studies on the “ solubility ” of gelatin.® 
What is the relationship between all these? 

It is well to begin by inquiring into the relationship between 
the swelling of a soluble ” neutral ” protein and its “ solution.’’ 

f 

^ See the footnote on page 209. 

2 See page 69. 

* See for example K. Spiro: Hofmeiater’s Beitrage, 6, 276 (1904); Wolf- 
gang Ostwald: PllUger's Arch, 108, r)63 (1905); Martin H. Fischer: 
(Edema and Nephritia, 3rd Ed , 75, New York (1920) where references to 
the earlier studies may be found 

Martin H. Fischer: Science, 42, 223 (1915); Kolloid-Zeitschr., 17, 1 
(1915). 

* See for example the work of Hofmeister, Pauli, Hardy, von 
S cHROEDER, Handovhky, Schorr, etc., on the viscosity of liquid proteins 

(“sols”)- 

“ Martin H. Fischer: (Edema and Nepliritia, 3rd Ed., 613, New York 
(1920). As of similar import but upon other proteins may be cited some 
studies on wheat gluten. T. B Wood and W. B. Hardy (Proc. Roy. Soc., 
London, Series B, 81, 38 (1908)) studied the “disintegration” and “solu- 
tion” of gluten under the influence of acids while F W. Upbon and J. W. 
Calvin (Jour. Am. Chem Soc., 37, 1295 (1915)) studied its swelling under 
similar circumstances. 
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The notion that solution is but a contin- 
uation of swelling persists to this day.^ 
Investigation ^ of the problem, however, 
has shown that this is not the case. The 
matter is easily proved by working with 
gelatin at concentrations and tempera- 
tures near its gelation or melting point. 
Since alkalies and acnds increase hvdra- 
tion (increase swelling) the addition of 
these substances to a bartdy liquid 
gelatin-water mixt ure ought to stiffen it. 
As a matter of fact just the reverse occurs. 
By working with a stitf gelatin, a pre- 
viously solid mixtun', is made to liquefy 
upon the addition of these substances. 

The -phenomena of swellmg (hydration) 
and of “ fiolulion ” ^ in such soluble protein 
gels as gelatin j while frequently associated, 
are therefore essentially different. Swelling 
IS best understood as a change whereby the 
protein enters into physico-chemical com- 
bination with more of the solvent (water), as 
a change in the direction of greater solubility 
of the solvent in the protein; solution ’’ 
is best conceived of as a change in the direc- 
tion of greater solubility (an increased degree 
of dispersion) of the colloid in the solvent. 
If reference is made to Figs. 48 and 49 
(page 70) it will be noted that, changes 
involving swelling occur in the region 
below the level marked ■ V; changes in 
the direction of liquefaction or “ solu- 
tion ” above the level marked F. A 



* See for example Wolf(jan(j Pauli: Kolloidchemie der Eiwoissktirper, 
63, Dresden (1920). 

2 Maktin H. Fischer: Science, 42, 223 (1915); Kolloid-Zeitschr., 17, 1 
(1915) 

’ Since there are many opinions regarding the nature of “solution,’' accu- 
rate definition of the term is not easy. We are here using the term in its 
broadest sense as covering everything, in the case of the colloids, from their 
liquefaction point upwards to the accepted “true” solution of the physical 
chemists. 
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single experiment, chosen from many, may serve to illustrate 
the point. 

In Table LXIX and Fig. 109 is shown how the addition of a 
fixed alkali to an otherwise solid gelatin gel liquefies this. 

TABLE LXIX 

Neutral Gelatin Gel and Alkali 


Tube 

number 

C'oncentration of mixture 

1 

2 oc 

10 peroent golatin'+8 cc HiO 



2 

2 00 

10 

“ 4 0 1 oc 

n/10 Na()H4-7 9 oo 


3 

2 00 

10 

“ 4 0 2 00 


“ 4-7 H 00 


4 

2 00 

10 

“ 4-0 3 00 


" 4-7 7 00 


5 

2 00 

10 

“ 1-0 4 oc 


“ 4-7 « 00 


6 

2 00 

10 

“ 4-0 .5 00 


-f7 r, CO 


7 

2 00 

10 

4-1 0 00 


“ 4-70 00 


8 

2 00 

10 

• ‘ 4- 1 5 00 


“ 4-6 5 00 


9 

2 CO 

10 

•• 4-2 0 00 


“ 4- 6 0 00 


10 

2 oc 

10 

“ -1-2 .loo 


“ 4-5 r, 00 


n 

2 cc 

10 

“ 4-3 0 00 


“ 4-5 0 cc 



The mixtures were liquefied in a warm-water bath After standinR for twenty-four 
hours at 25® C the gelatin in tube 1 was solid, that in tubes 2, 3, 4 and 5 was also solid, 
in tube 6 the surface quivered on shaking The gelatin in tube 7 flowed as a viscid liquid 
In the remaining tubes the gelatin was entirely liquid 


TABLE LXX 

Neutral Gelatin Gel and Acid 


Tube 

number 

Concentration of mixture 

1 

2 

cc 

10 peroent 

gelatin 4-8 

cc II2O 





2 

2 

CC 

10 

“ 4-0 

1 cc 

n/10 

irCl4-7 

9 

cc 

HiO 

3 

2 

cc 

10 

4-0 

2 cc 

• 

“ 4-7 

8 

CO 


4 

2 

oc 

10 

4-0 

3 cc 


“ 4-7 

7 

cc. 


5 

2 

oc 

10 

4-0 

4 00 


4-7 

6 

cc 


6 

2 

cc 

10 

“ 4-0 

5 00 


^.7 

5 

cc 


7 

2 

cc 

10 

“ 4-1 

0 00 


•• 4.7 

0 

CO. 


8 

2 

cc 

10 

“ 4-1 

5 cc 


“ t-6 

5 

cc 


9 

2 

oc 

10 

“ t-2 

0 cc 


4-6 

0 

oc 


10 

2 

cc. 

10 

“ f2 

5 cc 


’• 4-5 

5 

00 


11 

2 

cc 

10 •• 

•• 4-3 

0 00 


4-5 

0 

cc 



After these mixtures had stood for twenty-four hours the control gelatin in tube 1 
was perfectly solid The mixtures in tubes 2, 3, 4, 5 and 6 were so solid that they could 
be turned over, though on hard shaking they quivered; in tube 7 the gelatin flowed as 
a viscid liquid; in tubes 8, 0, 10 and 11 the mixtures were entirely fluid 

Table LXX brings out the same general truths for the addition 
of acid to an otherwise solid, “ neutral gelatin gel. 

In interpreting the findings here described we would say that 
under the influence of the added alkali or acid the “ neutral ” 
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gelatin is converted into a basic gelatinate or a gelatin chlorid. 
These compounds, at the same concentration, are more soluble 
in water than the neutral gelatin and hence the liquefaction of 
these systems. 

TABLE LXXI 


Sodium Gelatinate and Salt 


Tube 

number 



Concentr .ticiii of 

ii\turc 




1 

2 cc 

10 percent gelatin 

+ 8cc ILO 






2 

2 cc 

10 

+ 1 

5 Cl* 

n/10 NaOH f b 5 cc 

HjO 



3 

2 cc 

10 

+ I 

cc 



fO 1 cc 

ni NaCl-f 6 4 cc 

H»0 

4 

2 cc 

10 

+ 1 

5 cc 



-f 0 2 cc 

“ “ +6 

3 cc 


5 

2 cc 

10 

+ 1 

5 cc 



f 0 3 cc 

“ “ -b6 

2 cc 


6 

2 cc 

10 

fl 

cc 



+0 4 cc 

+0 

1 cc 


7 

2 cc 

10 

fl 

cc 



+0 5 cc 

“ “ -bO 

0 cc 


8 

2 cc 

10 

+ 1 

5 00 



+ 1 0 cc 

■■ ■■ +5 

.5 cc 


9 

2 cc 

10 

l-I 

.'> cc 



+2 0 cc 

“ " -b4 

5 cc 


10 

2 cc 

10 

-bl 

5 00 



+3 0 cc 

“ “ -b3 

6 cc 


11 

2 cc 

in 

-f-1 

f) 00 



-f 4 0 cc 

“ “ +2 

5 cc 


12 

2 cc 

10 

+ l 

.*> 00 



-1-5 0 cc 

“ “ +1 

5 cc 



■i 


At the end of twenty-four hours the pure gelatin was solid, the gelatin plus the alkali 
was liquid The tubes containing sodium chlorid in addition were all solid, the optimum 
stiffening effect of the salt being evident in tube 7 

TABLE LXXII 

Gelatin Chlorid and Salt 


Tube 

number 

Concentration of mixture 

1 

2 cc 

10 percent gelatin + 8 cr*HiO 




2 

2 cc 

10 


•bl 5 CO n/10 HCI-bd 5 cc 

HjO 


3 

2 cc 

10 


+ 1 .5CC “ 

“ +0 1 cc 

m NaCl + 6 4 cc 

HtO 

4 

2 cc 

10 


-b 1 .5 cc “ 

“ -bO 2 cc 

“ +6 .i cc 


.5 

2 cc 

10 


-f 1 cc ‘ ’ 

“ +0 3 cc 

“ “ +6 2 cc 


fl 

2 cc 

10 


-b 1 5 cc " 

‘ ‘ +0 4 cc 

“ +6 1 cc 


7 

2 cc 

10 


-bl r>cc “ 

“ +0 5 cc 

“ +6 0 cc 


8 

2 cc 

10 


4-1 r> cc 

“ +1 0 cc 

“ “ bSScc 


9 

2 cc 

10 


-b 1 .5 cc “ 

“ +2 0 cc 

" “ +4 5 cc 


10 

2 cc 

10 


-bl .'ice " 

" +3 0 cc 

“ “ +3 .5 cc 


11 

2 cc 

10 


-f 1 6 oc ■ ‘ 

" +4 0 cc 

“ “ +2 .5 cc 


12 

2 CO 

10 


f 1 5 cc “ 

“ +5 0 cc 

“ •• +1 5 cc 



Twenty-four hours after the mixtuies had been prepared the pure gelatin in tube 1 
was solid, the acidified gelatin in tube 2 was liquid. A distinct influence of the sodium 
chlorid WHS evident even in tube .1 where the mixture barely flowed. The viscosity increased 
progressively from tube 4 to tube 7 in which the optimum effect of the sodium chlorid was 
observed. Here the gelatin was solid, but not quite so solid as the pure gelatin. The 
gelatin mixtures in tubes 8, 9, 10, 11 and 12 were solid, but, on being tapped, quivered 
more easily than did the gelatin in tube 7. 
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To illustrate, now, upon such basic (or acidic) gelatin the 
effects of a neutral salt (in mimicry of the salting-out effects 
observed upon soaps). Tables LXXl and LXXII are introduced. 
They show that the addition of a neutral salt in increasing con- 
centration to a previously liquid gelatin at first increases Us viscosity 
to an optimum point (gelaiion) and then decreases it. The same 
explanation holds for this finding as in the case of the soaps. The 
salt becomes hydrated and, as salt-wat(;r, becomes emulsified in 
the hydrated basic (or acidi/ 3 ) gelatin. With salt added beyond the 
optimum point the salt-water becomes the external phase and the 
viscosity of the system falls. With enough salt added the whole 
of the gelatin (as sodium gelatinate or gelatin chlorid and not as 
“ neutral ” gelatin) separates off in practically anhydrous form. 

6. Supplementary and Critical Remarks 

§1 

It is necessary to keep clearly in mind that the possibilities for 
chemical and colloid-chemical change as thus far outlined for the 
fatty acids and the proteins constitute only a small fraction of 
those which may be induced. 

While we have said that only alkalies will unite with the fatty 
acids and only alkalies and acids (or their salts) with the poly- 
merized amino-acids called proteins, the former may be sulphon- 
ated, may be saturated with hydrogen, maj^ be oxidized or iodized 
while the latter may also be oxidized, hydroxylated or have acids 
bound to them elsewhere in the molecuk' than at an NH 2 grouping. 
As each of these chemical changes is induced the fatty acid derivative 
or the protein derivative assumes new properties of solubility for 
water and in water and as this happens the colloid-chemical prop- 
erties (like the viscosity) of the sijstem in which such a chemical 
change has been induced, must also change.^ 

To keep things simple we have also touched upon only the 
grosser of the phase differences present as neutral proteins unite 
with alkalies or acids. How much more complicated in fact are 
the systems which have been described is apparent when reference 
is made to Figs. 48 and 49 and the system, stearic acid/alkali/ 

* The derivatives listJed have already been partly studied in our laboratory 
and will be reported upon later. 
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water is considered and compared with the analogous system 
protein/alkali/water. ^ 

If neutralization is not complete, the result is an emulsion of 
the uncombined fatty or proteinic acid in such hydrated “ soap ” 
as is produced. If neutralization is complete and the water con- 
tent is sufficiently low, only pure hydrated alkali stearate or 
hydrated alkali proteinate is obtained. This obviously corre- 
sponds to the lowermost levels of the two diagrams. Depend- 
ing upon the temperature either solid (Fig. 49) or liquid (Fig. 48) 
systems may be obtained. With sufficient water, only a true 
solution ” of the alkali stearate or alkali proteinate in water is 
obtained. We are then in the topmost levels of the two diagrams. 
In such solution, however, there follows hydrolysis of these com- 
pounds, so that in addition to molecules in solution there may 
appear, beside the soap, free fatty or proteinic acid and free 
alkali and along with these the ions of these substances. The 
presence of such ions in the case of protein/water systems has 
commonly been (jailed upon to account for their colloid-chemical 
properties. Things are almost exactly the reverse. The most 
definitely colloid soap or prot(jin/water systems, in other words 
the more concentrated ones, are at the other end of the diagrams 
and show no ions at all. Whenever such appear, they are the 
accidental products of dilution and hydrolysis. They l)egin to 
appear therefore as soon as soap or protein in true solution in 
water appears within the hydrated soap or protein, in other words 
in all the various mixed systems whicjh lie in or above the level Y. 
The ions are, however, not in the hydrated colloid, but in those 
portions of these mixed systems which contain dissolved, dissoci- 
ated and hydrolyzed soap or protein. 

To illustrate the infinite variety of systems that may result 
from mixture of a basC with a fatty acid or protein we need but 
list the following: fatty or proteinic acid emulsified in hydrated 
soap or basic proteinate, and vice versa; soap or protein “ solu- 
tion ” in solid hydrated soap or basic proteinate, and vice versa; 
soap or protein “ solution ” iu, liquid hydrated soap or basic pro- 
teinate and vice versa; soap or protein “ solution,” pure and free 
from ions or such as contains free fatty or proteinic acid, free 
alkali, and the whole gamut of ions; — all determined obviously 

* Figs. 13 and 76 and Figs. 98 to 103 with accompanying texts 
should be studied in this connection. 
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by the concentrations of the various materials existing in any sys- 
tem, by the content of water in the system and the temperature. 

Every one of these systems may l>e produced at will from 
fatty acids and alkali or from “ neutral ” proteins with alkali 
or acid. 


§2 

It will be noticed that the above remarks attempting to 
explain the colloid-chemistry of protein/water systems have 
called for no concepts outsicle those of mutual solubility and 
mutual emulsification or suspension, just as in the case of soap/ 
water systems. What then becomes of the chemical, electrical, 
surface tension, adsorption, etc., theories of stability in colloid 
systems proposed by various authors? The answer is, we think, 
simple. Their views are not always wrong, but they suffer 
universally from one-sidedness. They err either because they 
are inadequate to explain more than a part of the l>ehavior of 
all colloid systems or because the explanation holds for only 
limited examples. If reference is jigain made to Figs. 48 and 49 
it will be seen that those authors, for example, who try to see 
in all colloid systems nothing but spc^cial instances of modified 
true solutions ” are clearly tiying to find the explanation of 
all colloid phenomena in regions lying above the level E, and 
that often they are attempting to do this by the changes incident 
to mere passage from some one horizontal level to the next. Such 
a view is obviously too limited, fo'f it ignores the behavior of all 
such sj’^stems as lie below tlu* level V. Those authors, on the 
other hand, who hold that change in some one factor is responsible 
for the changes in stability of all colloid systems suffer from a 
similar limitation in point of view. It is difficult, for example, 
to conjure up electrical notions to explain the st, ability of colloid 
systems which consist merely of organic solvents and materials 
like fat or rubl>er. Stoichiometrical relationships lose their force 
when stabile colloid systems can l>e built of most variable pro- 
portions of fat and a hydratable carbohydrate (for example 
cottonseed oil in hydrated acacia, glycogen or dextrin). Sur- 
face tension views are inadequate when, with progressive change 
in surface tension relationship between any two substances, stabil- 
ization is obtainable only through a portion of the range, or, con- 
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veraely, throughout the whole range no matter what the surface 
values. 

And yet these, remarks must not be misunderstood. They 
do not, in the first place, diminish the value of the actual ohservor 
tions made by these different authors upon various colloid systems; 
nor do they deny that the factors they cite are not of some impor- 
tance in some systems. The whole problem, obviously, moves 
back to an inquiry into still more fundamental ones: what is 
the nature of solution; what are the fprces active in producing 
and maintaining emulsions; and what is the nature of solidifi- 
cation without or with a '' solvent 

We do not ourselves presume to answer these questions. In 
the matter of the nature of solution, however, we would like to 
emphasize our growing opinion that it is much more often union 
in quantitative relations between dissolved substance and the 
dissolving medium with the production of new compounds than 
is at present accepted by the “ dilute solution ” chemists; and 
that, especially in (i)ncentrated ” systems, this factor becomes so 
great that the added element of mere subdivision of one material 
in a second, so heavily stressed in the “ dilute ’’ solutions, largely 
disappears. 

The forces actives in stabilizing a colloid system may be any 
or all of thovse which make possible or give character to a “ solu- 
tion,” or which permit of the stabilization of one material in a 
second to yield either (depending upon the physical state of the 
phases) an emulsion or a suspemsion. As all the facts of mutual 
solution cannot be understoocf upon any purely electrical basis, 
and as all the phenomena of cohesion, adhesion, suspension, 
stabilization, etc., cannot at present be understood through any 
single notion of viscosity, surface tension or other force, neither 
can purely chemical, purely electrical or purely surface tension 
concepts alone ‘‘ explain ” the behavior of these systems. 

6. On Peptization and Coagulation 
§ 1 

With the ideas of the preceding pages in mind we wish now 
to consider certain group reactions characteristic of different 
proteins, to see if some simpler concepts than we now possess 
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regarding the' fundamental nature of these group reactions, can 
not be discovered. Reference is made lo their “ peptization ” 
and to their “ coagulation ” under various circumstances and 
to the colloid-chemical equivalents in types of change encoimtered 
in the physiology and pathology of protoplasm under the terms 
liquefaction, coagulation and necrosis. 

The term “ peptization ” may be taken for our purposes as 
the antonym of coagulation.” The latter term has been applied 
to what represents at least several different types of change in 
protein/water systems. What these have in common, however, 
is a change in state from one in which the protein (or soap) is in 
solution or suspension, to one in which it is aggregated, separated- 
out or precipitated. In the tenns of Wolfgang Ostwald the 
changes characteristic of coagulation are essentially those of 
decrease in degree of dispersion, in other words changes in the 
direcition of coarsc^r division of the materials. Associated with 
such a change may be one in water-holding power, in optical 
properties, in viscosity, etc. There are those who would restrict 
the term “ coagulation ” to such changes as prove irreversible. 
An albumin would therefore be said to be coagulable through 
heat or a mercury salt (since lowering of temperature or dilution 
of the mercury salt does not bring back the albumin to its former 
“ dissolved ” stale); it would not be coagulable, however, through 
saturated magnesium sulphate solution (for this on dilution allows 
the “ albumin ” to resume its fonner state). In the latter instance 
the change is often designated as a precipitation or ‘‘ salting-out ” 
of the “ albumin.” It does not ‘matter, for our purposes, how 
the terms are used, for colloid-chemistry needs to consider them 
all. The distinctions are, moreover, arbitrary for, as long known, 
eyen heat coagulations are not completely irreversible if the high 
temperature is not maintained too long; and we shall see later 
that, just as in the case of the soaps, the heavy metal coagula- 
tions of the proteins can also “redissolved.” What light do 
the observations on soaps and the soap-like protein compounds 
already described cast upon the nature of these^ coagulative 
chang(is? 

In order to illustrate how we think the views developed in 
the preceding pages should be applied for a better understanding 
of the procf^ises of “ peptization ” and “ coagulation ” in protein 
systems, we shall cite examples illustrating protein change (1) 
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of the peptization and coagulation type, (2) of the heat coagulation 
type and (R) of the physiological coagulation type. 


§2 

Peptization may be discussed by reference to the well-known 
changes suffered by a protein “ insoluble in water, such as 
casein, when this is subjecbni to the action of any of the light 
metal alkalies. Casein, like any of the pure higher fatty acids 
(for example palmitic), when mixed with water fails “ to dissolve.'’ 
Expressed in the terms developed in connection with the theory 
of the lyophilic soap colloids,' the casein and the palmitic acid are 
neither soluble in water nor yet solvents for water. When, how- 
ever, an alkali (like sodium hydroxid) is added to either, both 
become “ soluble." In the case of the fatty acid we have long 
said that the change is coincident with transfonnation from fatty 
acid to a soap; in the case of casein (and similar proteins) however, 
we have more commonly said that it is “ soluble " “in alkaline 
solutions," that it is “ peptized " by alkalies, that it “ becomes 
colloidally dispersed through a requisite number of OH ions," 
etc. It simplifies matters and is more correct to say that what 
happens is the same in both sets of materials. From the casein, 
too, is fonned a soap-like compound (namely sodium caseinate) 
which is not only more soluble in water but also a better solvent 
for water than the original “ nc'utral " casein. As the soaps are 
best thought of as definite compbimds, each with it^ awn solubility in 
water and its own solvent power for water, so also is it best to conceive 
of the basic and metallic proteinates also as definite chemical com- 
pounds possessed of their own solubility in water and solvent power 
for water. 

The idea that alkalies (or acids) unite with protein to yield new 
compounds is, by itself, of course^tiot new. It was early expressed 
by S. Bugarsky and L. Liebermann ^ and has, since their studies, 
been confirni^d and developed by W. B. Hardy, ^ Wolfgang Pauli, ^ 

^ See page 64 

*S Bugarsky and L Liebermann: PflUger’s Arch., 72, 51 (1898). 

> W B. Hardy: Jour. Physiol., 83, 251 (1905). 

* Wolfgang Pauli: Kolloidchemie der Eiweisskorper, 69, Dresden (1920) 
where may be found the references to his earlier studies. 
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E. Lacqueur, O. Sackur,^ L. L. Van SLyKE,^ A. W. Bosworth,^ 
T. B. Robertson,^ etc. 

The difficulty with the work of these authors, if we may express 
an opinion, is that with developmnt to quantitative levels of their 
chemical views covering such protein/electrolyte/ water systems, 
they have seemed constantly to support the expressed or implied 
view that with the pure chemistry of these systems settled, an 
understanding of their colloid-chemical behavior followed as a 
self-evident corollary. 

This view is, we think, fundamentally false. While union in 
stoichimnetrical relations, qualitative and quantitative changes in 
electrical charge, the accepted theories of “ dilute solution,^' etc., may 
all at times he factors appearing in a colloid system and may, in fact, 
in part determine the behavior of collaid systems, their quantitative 
appraisement is in no instance adequate to “ explain ” the colloid 
state. The colloid properties of a casein/sodium hydroxid/water 
system (ignoring for the present the presence of an overplus of 
either alkali or casein) are those of a sodium caseinate/ water sys- 
tem and these, depending solely upon the (!oncentration of the 
water in the system, vaiy from the extreme of a gelatinous solu- 
tion of wat(^r in the caseinate on the one hand to a true solution 
of sodium caseinate in water on the other. 

It is well to emphasize at once the proper significance to be 
given the electrical, ionic, viscosity, etc., properties which such a 
system may show. In the presence of sufficiently little water a 
chemically neutral sodium cas(unate is not only solidly gelatinous 
but also neutral to an indicator like idienolphthalein, as witness 
the lower section of the tc^st-tube shown in Fig. 110. While 
this finding is (;ommonly interpreted in the terms of orthodox 
physical chemistry as proof that in such “ highly concentrated 
solutions ” (as in the highly concentrated soaps), there is no ade- 
quate hydrolysis and electrolytic dissociation to yield an overplus 
of OH ions, we ourselves hold that it is just as correct and more 

1 E Lacqueur and O Sackur: Hofmeister’s Beitr , 3, 196 (1902) 

2L L Van Slvke and co-workers: Am. Chcm Jour, 83, 461 (1905); 
ibid , 38, 393 (1907). 

®A W BoawoRTHandL L VanSlyke: Jour Biol Chem , 14, 203 (1913); 
ibid , 19, 67 (1914); Boswokth: ibid , 20, 91 (1915) 

*T B Robertson: Jour Biol Chem., 2,-317, 337 (1907); ibid., 6, 493 
(1909); ibid, 8, 287 (1910); Physical Chemistry of the Proteins, 85, New 
York (1918) Here references to the older literature may be found 
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reasonable io consider this proof that the system water-dis- 
solved-in-sodium-caseinate is something different from a solution 
of sodium-caseinate-in-water. It must be admitted either (1) that 
indicator methods may not be applied to such a system or that if 
they are applicable (2) it contains no ions. We reemphasize the 
point because to our minds the tissues of the body, including the 
blood and lymph, are such solutions of water 
in protein (protoplasm) and that, like a con- 
centrated sodium caseinate/water system, they 
arc electrically neutral, that indicator' methods 
cannot be applied to them without the greatest 
reserve and that it is fundamentally false to 
regard them as systems for which the laws^ of 
the ordinary dilute solutions may be expected 
to be valid. 

Slight dilution of the concentrated sodium 
caseinate/water system wit h water suffices to turn 
it pink even wIkui the system is still entirely solid. 

What turns pink is that portion of the emulsion 
thus fonned which represents the phase, dilute 
solution of sodium caseinate in water subdivided 
in the unchanged (more solid) solution of water 
in sodium caseinate. 

Still further dilution increases the amount of 
the dilute solution phase and therefore tlui inten- 
sity of the pink color (see Fig. 110). When 
sufficient water is added th^ system becomes 
more liquid since it is now composed of a subdi- 
vision of hydrated sodium caseinate particles 
within a true ” solution of sodium castunate as 
an external, enveloping phase. Figure 110. 

On extreme dilution the system becomes in- 
tensely red (see the upper sections of the tube in Fig. 110) 
because this is merely a dilute solution of sodium caseinate in 
water which has at the same time suffered great hydrolysis. 

Just as the solubility and hydration properties of any fatty 
acid with different bases change as we pass from the alkali metals 
through the alkaline earths to the heavy metals, so also do the 
solubility and hydration capacities of casein, and in the same 
general fashion. The changes observed in the system as one 
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metal displaces another explain much of what is ordinarily 
described under the head of the peptization,” “ precipitation ” 
or “ coagulation ” of the protein colloids. 

When potassium hydroxid, for example, is added to a sodium 
caseinate/ water system it is “ peptized ” and becomes more 
liquid; while through the addition of magnesium, calcium or iron 
salts precipitation or “ coagulation ” is produced. We prefer to 
say that in the first instance materials are formed (potassium 
caseinate) which are more soluble in water, wherefore the whole 
system tends in the direction of the less viscad true solution; 
while in the second, materials are produced which are less soluble 
in water and are possessed of a lower hydration capacity. Hence 
their separation from the dispersion medium. 

As reversion from a state of low hydration, low solubility and 
precipitation to a state of higher hydration and “ solution ” is most 
easily obtained in the case of the soaps when the alkali metals are 
involved, is more difficult when those of the alkaline earths are 
considered and is generally said to be impossible in the case of the 
heavy metal soaps, so also in the case of the proteins are the similar 
reversions accomplished with increasing difficulty and more and 
more slowly as we pass from the alkalies through th(‘. alkaline 
earths to the heavy metals. The heavy metal salts are for this 
reason regularly listed as “ cotigulants ” of the proteins, while 
those of the alkaline earths occupy an ambiguous middle ground. 
The light metal salts act merely as “ precipitants ” for the proteins. 
As previously emphasized ^ and to be touched upon again ^ these 
facts are of importance not only»> for the understanding of the 
nature of certain coagulations but embody the principles which 
must be employed when such coagulations appear in living matter 
in consequence of heavy metal poisoning. 


§3 

It is necessary now to discuss the effects of temperature upon 
the proteins, associated with which is the question of their heat 
coagulation in order to see where this set of phenomena has its 
analog in the colloid-chemistry of the soaps. 

^ Martin H. Fischer and Marian O. Hooker: Science, 48, 469 (1918). 

2 See page 240! 
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For a few of the proteins (as gelatin) in the presence of the light 
metal bases, the effects of temperature may be dismissed with the 
statement that raising the temperature merely moves the system 
in the direction of true solution in water. As ordinarily stated, 
the proteins are “ more soluble ” at the higher temperatures and 
are “ not coagulable ” by heat. The same might, of course, be 
said of the “ solubility of the lower fatty acids when these, in 
the presence of sodium or potassium hydroxid and water are raised 
in temperature. When the same proteins are examined in the 
presence of magnesiimi or calcium their behavior becomes ^‘ambig- 
uous,” while in the the presence of heav>' metals the proteins are 
uniformly coagulable at all temperatures. The reasons for this 
are to be found in the fact that many of the magnesium and 
calcium proteinates (like the magnesium and calcium soaps) are 
little more “ soluble ” at higher temperatures than at lower ones, 
while all the heavy metal proteinates, like the heavy metal soaps, 
have a low hydration capacity and a low solubility in water at all 
temperatures. 

The accepted example of heat coagulation (or heat denaturizor 
iion of the “ protein ”) is, however, l)est seen in certain of the pro- 
teins like various albumins and globulins. Here rise in temperature 
even in the presence of light metals does not favor hydration and 
solution of the “ protein ” but just the reverse. Where in the 
colloid-chemistry of the soaps do we encounter an analogous set of 
facts? Nowhere in the group of the systems composed of pure soaps 
and little water, but in the behavior of those in which through hydroly- 
sis or otherwise the separation of insoluble free fatty cwid is favored. 
In the case of the ^^heat coagulable ” proteins it is also a moiter, not of 
the coagulation of the potassium, sodium, etc., proteinates through 
increase in temperature but of the free {proteinic) add formed after 
hydrolysis. The items which favor such heat coagulation are the 
items which make for increase in hydrolysis or displacement of the 
system in the direction of a higher concentration of free proteinic 
acid.^ The heat itself does this, though the whole process is 
favored by dilution of the system with water, and the addition 
of small amounts of acid. Heat-coagulated protein/water systems 
are considered as among the most typical of the irreversible 
coagulations. Reversible, however, they are, as witness their 
swelling and solution when such “ denatured ” proteins are treated 
with light metal hydroxids. The same phenomena are observable 
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in the soaps. On dilution and application of heat the light metal 
soaps, esptM;ially of the higher fatty acids, suffer great hydrolysis, 
and this hydrolysis is not reversible on simple lowering of tem- 
perature. But let the freed fatty acid be treated with more con- 
centrated alkali, and reversion to a “ swelling and soluble fatty- 
acid ” — to speak for the moment in the terms of protein chemis- 
try — gradually comes about. 

In a careful study of this problem Krafft ^ boiled a unit 
weight (1 gram) of soap (sodium palmitate) with increasing vol- 
umes (200 to 900 cc.) of water. Just as when certain protein 
“ solutions ” are thus boiled, these soap mixtures become milky. 
On cooling, a shining precipitate, settles out which on analysis 
shows a progressively lower percentage of sodium and higher per- 
cemtage of fatty acid when compared with the composition of the 
pure soap, as the volume of water in which iho, soap was boiled is 
incTcased. Tlie original soap contained 8.27 pi^rc.ent sodium. 
In contrast to this the cook'd fraction when boiled with 200 cc. 
watt'r showe-d but 7.01 percent; with 450 cc. water, 0.32 jx^rcent; 
with 900 cc. wat.('r, 4.20 pc'nent. Kraffi’ interpreted this finding 
as indicating that flu^re was a splitting of the soap into sodium 
hydroxid and “ acid-soap ” (sodium bipalmitate). This idea has 
since been freqiKuitly adopted by other workers. It is, to our 
minds, only partly (correct. There is, undoubtedly, with increas- 
ing dilution and increasing temperature, an inc^nuising fraction of 
free alkali formed. This is the consequence of the better condi- 
tions offered for hydrolysis of the soap into free alkali and free 
fatty acid. But the mass which s('.parates on cooling is certainly no 
true bipalmitate, for chemical reasons alone make it hard to see 
how a monovalent fatty acid can give rise to ‘‘ acid salts. The 
separated mass is not a chemical compound, but. simply free fatty 
acid with which has been admixed mechanically a smaller and 
smaller amount of neutral soap. 

What, has been said of sodium palmitate holds also for sodium 
stearate and for all the high(ir members of the acetic series. It is 
tru('. also for sodium oleate. The amount of such hydrolysis, 
however, decreases as the acetic series is descended so that for 
sodium caprate and for ^oaps lying below triis it is very small 
indeed. Were we to convert this finding into the terms of pro- 
tein ” ‘‘ coagulation,” we would have to say that the “ protein ” 
> Krafft: Ber. d. deut chem. Gesellsch., 27, 1747 (1894). 
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is no longer heat-coagulable. The analog for the behavior of 
soaps of 1this tyi)e may be found in the basic derivatives of certain 
globulins. 

§4 

We wish, finally, to touch upon some biological coagulations 
in an attempt to define their nature mon^ closely in the terms of 
colloid-chemistry. ]i(5f('.ren(5(‘ is made to the coagulations typical 
of blood, milk and muse.le juice. In all these instances a protein 
body (fibrinogen, caseinogen, inyosinogtai) passes from a “ sol- 
uble ” state to an “ insoluble ” clot (fibrin, casein, myosin). Be- 
tween the t wo extremes, howevi^r, th(5 originally liquid “ plasma ” 
sets into a jelly whic^h gradually d(*velops signs of contracting with 
the squeezing off of a “ serum.” Tlw^ clot finally swims in this 
serum as a relatively anhydrous mass. It is not our purpose to 
ent(;r into th(‘ d(‘bat(' (‘onc(‘rning the (chemical natun^ of the 
various eleiramts which are niu^essaiy for such coagulation. All 
authors seem to agree that a substance' ;r (‘‘ fibrin fennejit,” ren- 
nin, muscle ferment) acts upon a second (fibrinogen, caseinogen, 
myosinogen) to produce the, clot, the production of the latter 
b(ung greatly favon'd by tlu^ pre'sence of some' of the earthy or 
heavier mefials such as calcium or iron. It wouhl not yet “ explain ” 
th(^ physical changes accompanying the transformation of fibrino- 
gen into fibrin (jven if it we^re proved (or disproved) that fibrin is 
a true cheanical union bi'tween calcium and fibrinogen. 

It mil he apparent that the entire set of physical changes are such 
as may he observed in the simple salting-out of a soap ^ and whatever 
the ultimately accepted chemical fundaments of “ clotting,’' the 
physical transforynahon in the system must he of the same general 
type as observed m the salting-out of a soap. It is necessary, in con- 
sequence, to look at the soap system once more (see Fig. 74), to 
grasp correctly the analogous changes in protein systems when 
these “ clot.” 

The liquid “ plasma ” of blood, milk or muscle juice is analogous 
to a liquid colloid system of the type sodium oleate/water. The 
substance x (fibril? fennent, rennin, muscle ferment) which will 
bring about clotting may be anything which will lead to the sep- 
aration of a second phase within the hydrated sodium oleate. 
It must in consequence be either (1) a substance which, like sodium 
1 See page 113. 
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chlorid, combines with water while depriving the sodium oleate 
of its water or (2) one which acts upon the sodium oleate (like a 
weak acid) to produce from it a new substance (like fatty acid) 
which remains emulsified in th(i unchanged hydrated sodium 
oleate. In either instance the viscosity of the whole system 
must rise, as exemplified in the first stages of the salting-out of a 
soap or in the increase in viscosity observed whtmever a “ mayon- 
naise ” is made V)y emulsification of a fat or fat-like body (fatty 
acid) in a hydrated soap or hydrated protein. With addition of 
more salt or more fat-like body the type of (iinulsion changes to 
one of soap-in-oil and as this occurs the viscosity of the system 
falls, “ serum separates off and the soap or fatty acid swims as 
a clot to the top. If the soap or fatty afud is ciystalline at the 
temperature of the clotting it may, of course, crystallize out. It 
is of interest therefore to note that in the case of blood coagulation 
the clot is definitely cr>"stalline.^ 

We do not presume to say which of the two types of “ coagu- 
lant,” the fibrin ferment,” rennin or muscle ferment follows, but 
we incline to the view that it probably acts like a weak acid which 
splits the original fibrinogen (and not like the salt). The “ fer- 
ment ” nature of the diffcTcnt coagulants has been seriously ques- 
tioned in late years, for th(‘y not only seem heat stabile, but 
disappear quantitatively as coagulation advances. It is not 
necessary, of course, that such “ split, ting ” should be induced 
through a true ferment. The appearance in, the reaction mixture 
of any substance which acts like a we,ak acid would do quite as 
well, for the addition of a limited ihnount of such a substance will 
not only stiffen a hydrated soap/ water system but, similarly, any 
hydrated potassium, sodium or other basic proteinate system, as 
illustrated, for example, in the “ souring ” of milk. 

How now may the “ favoring ” action upon coagulation of 
calcium, iron or other heavier salts be understood? It is necessary, 
here, to state just which part of the coagulatory process is “ fav- 
ored.” Usually it means the earlier appearance of a free clot or 
the development of a “ firmer ” clot. Obviously the presence of 
the heavier metals must favor the development of fatty acid or 
proteinic acid derivatives which are possessed of low hydration 
capacities. 

•See StCbel; PflUger’s Arch, 166, 361 (1914); W H. Howell: Am. 
Jour. Physiol , 86, 143 (1914) 
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11 

ON THE THEORY OF POISONING BY AMMONIUM 
COMPOUNDS AND BY HEAVY METALS 

1. General Remarks 

If we may apply to protoplasm the conclusions which have 
been reached in the previous pjigcs it seems safe to us to say that 
the foundation of living matter is a polymerized amino-(fatty)- 
acid to which normally are joined various bases (like potassium, 
sodium, magnesium and calcium) and various acid radicals (like 
chlorid, bromid, bi(;arbonate, sulphate and phosphate) the whole 
constituting a unit ’ capable of sucking up or “ dissolving a 
certain amount of water. It is in other words a basic-protein- 
acid compound in which water has been dissolved. Even the 
blood and the lymph have this colloid-chemical constitution. 
The secretions from the body, on the other hand, represent the 
opposite type of system — the urine and sweat, for example, are 
essentially “ solutions of protoplasmic material in water. 

It is of interest now to study this hydrated protoplasmic mass 
(tissue and blood) to s('c what changes it may suffer when other 
than the normal bases or acids are introduced into it or the pro- 
portions of these constituents to each other are varied from the 
normal. Proper answer here ^has much to do with our funda- 
mental theories of the physiology and pathology of cell behavior 
and of pharmacological action. 

* From constant repetition in colloid-chemical, physiological and pharma- 
cological action the grouping may be expressed approximately as follows: 
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It is worthy of note, first, that sodium and chlorid are among 
the least poisonous of the listed constituents that may be intro- 
duced into cell protoplasm. It is for this reason that sodium 
chlorid is tiui main component of all “ physiological ” salt solu- 
tions.^ Not only do sodium and chlorid appear in protoplasm 
in largest amounts (in the list of the so-called inorganic “ salts ”) 
but they yield, with protein, colloid systems which in physical 
behavior most closely approximate the physical characteristics 
of living mattc^r. Ais we ascend or descend the list of the tabulated 
bases or acuts from sodium or chlorid we encounter protein deriv- 
atives which are either more hydraiable and soluble in water than 
normal protoplasm or which are less hydratable and soluble. It is 
this fact, we think, which is associated with the physiological, patho- 
logical and pharmacological action of these elements when introduced 
in more than normal concentration into the living mass. When, 
for example, potassium is introdiKH'd in more than normal amount 
it exerts a poisonous ” act ion which colloid-cheinically evi- 
dences itwdf through an increased swelling and an increased 
fluidity of the affected protoplasm. Ammonium acts similarly, 
which explains why potassium and ammonium salts, for example, 
are used therapeutically to render more liquid the mucinous 
secretions of “ catarrhally ” affected mucous membranes. 

' In connection with the analysis of physiological and pathological prob- 
lems in the terms of colloid-crhemistry, definition must be attempted of the 
nature of such “physiological” salt solutions. Pure water is jKusonous 
because in contact with it, protoplasm hydrolyzes. Tree protein m conse- 
quence precipitates withm the cell while “salts” diffuse into the distilled 
water. Presence of any salt in the pure -Water reduces such hydrolysis. The 
salt must, however, be of such nature and of such concentration as not to 
diffuse into the protoplasm and displace the normal equilibrium existing 
there between the various basic and acidic elements. Hence the siqierior 
value of an NaCl solution over that of any other one salt But NaCl alone 
still permits of displai^ements and loss to the salt solution of constituents like 
K, (’a, H2(X)3, etc For this reason a Rinc.eu solution (which contains small 
amounts of each of these in addition to NaCl) is superior to simple salt solu- 
tion. Solutions of the sugars (even when present in the same “osmotic” 
concentration) do not prevent such hydrolysis and hence are little better 
than distilled water When properly prepared, a physiological salt solution 
will have a composition which, as a solution of salts in water, is in equilibrium 
with the system, solution of water in protoplasm. The protoplasm will 
now neither take up nor give off water, in other words the two systems 
will be “isotonic ” The concentration of the individual salts in the water 
will, however, probably not be (and need not be) that of the concentration of 
these same elements in the hydrated protoplasmic mass Whence the com- 
mon finding that “isotonic” solutions are rarely (if ever!) isosmotic. 
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The introduction of magnesium or calcium into protoplasm 
leads, on the other hand, to a “ drying out ” of the protoplasmic 
mass. While small amounts of thest^ elements are necessary 
to maintain protoplasm in its normal state, larger ones begin 
to show a distinctly ‘‘ poisonous ” action. Such poisonous effect, 
with corresponding dehydration of the tissues, jumps enormously 
when salts of iron, silver, mercury or lead are used in pharma- 
cological practice; hence the need of administering these sub- 
stances in very small amounts, in medicine, .if their use is not 
to be pushed beyond the physiological* limit.” 

In the case of the heavier metals, the above considerations 
lead us to the obvious conclusion that these act as poisons t,o 
protoplasm because they unite with protoplasm to form compounds 
more sparsely hydratable than normal protoplasm. In pathol- 
ogy and medical practice the formation of such heavy metal 
protoplasmic compounds is g(uierally considered to constitute 
an irreversible change and the affected protoplasm is commonly 
adjudged necrotic or dead. The mere fact, however, that indi- 
viduals poisoned by any of the heavy metals do occasionally 
recover already indicates that such a conclusion overstates the 
facts; it; was learned, moreover, in considering the colloid-chemical 
behavior of the analogous heavy metal soaps, that theses could 
be convert;ed into light metal soaps. We wish now to show that 
the heavy nietal proteinates with their low hydration capacities can 
also he converted into the more highly hydratable lighter metal pro- 
teinaies and that, as the latter are formed, colloid-chemical restitu- 
tion to the condition which more nearly approximates the physio- 
logical state of protoplasm may be obtained. Before pointing 
out the obvious theory of intoxication and detoxication to which 
this fact leads, some experiments of Robert A. Kehoe ^ must 
be detailed. 

2. Experiments on the Conversion of Heavy Metal Proteinates 
into Light Metal Proteinates 

A measured amount (5 cc.) of a -Viscid gelatin (2 grams in 
100 cc. water) was gently stirred together with an equal volume 
of distilled water or an equal volume of m/500 silver nitrate. 
The appearance of five tubes forty-eight hours after being thus 
^Robert A. Kehoe: Jour. Lab, and Clin. Med., 6, 443 (1920). 
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prepared is shown in the upper row of Fig. 111. The tube on the 
left contains the gelatin-water control, the remaining tubes 
gelatin and silver nitrate. There was now added to the tubes, 
respectively from left to right, 5 cc. water, 5 cc. water, 5 cc. m/3 
sodium sulphate, 5 cc. m/3 magnesium sulphate, 5 oc. m/10 
potassium hydroxid. The lower row of Fig. Ill shows the effects 
of such treatment thirty-six hours later. The first two tubes 
are obviously unchanged. There has been distinct recession of 
the coagulating effects of the silver in the remaining tubes, restitu- 
tion in the case of the KGH being apparently complete. 



Fiouke fll. 


Fig. 112 shows the reversing effects of these and other lighter 
metal salts when added to a series of 2 percent gelatin solutions 
(5 cc. each) previously coagulated through the addition of an 
equal volume of m/500 cupric sulphate, m/1500 ferric sulphate, 
m/lOOO plumbic chlorid. After the coagulants had acted for 
forty-eight hours the reversing agents (5 cc. each) were added 
to the tubes (m Nal, 2 m MgCl 2 , m/20 KOH, 2 m KCl, 2 m 
MgCk, m/20 KOH, 2 m KBr, 2 m KCl, m/20 KOH). The 
photograph portrays the tubes twenty-four hours after such addi- 
tion. The clear gelatin control appears on the extreme left. 
The unchanged heavy metal controls are the left-hand tubes in 
each of the remaining groups. The three remaining tubes of 
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each of the series show that complete resolution of the original, 
heavy metal coagulum has 
been obtained in all cases. 

The importance of using 
enough of the lighter metal 
salts if reversion is to be ac- 
complished is illustrated for 
mercury coagulation in Fig. 

113. With the exception of 
the pure gelatin control, all 
the tubes contained 5 cc. of 2 
percent gelatin to which had 
been added 5 cc. m/ 1000 mer- 
curic chlorid. Twenty-four 
hours later 5 cc. distilled water 
were added to the pure gelatin 
and a mercury gelatin control; 
to the remaining tubes were 
added 5 cc. of potassium iodid 
of the concentrations m/1, 
m/2, m/4, m/8 and m/32. 

The photograph taken twenty- 
four hours later shows complete 
reversal of the coagulation only 
for the tube to which m/1 
potassium iodid was added and 
less and less reversion as the 
concentration of the reversing 
salt was lowered. 

Lest it be thought that 
these observations on dead 
proteins do not apply to “ liv- 
ing ” tissues the following ob- 
servations of Kehoe ^ may be 
of interest. The enzymatic 
reactions are perhaps as charac- 
teristic of living matter as any. 

Kehoe finds that the starch- 
splitting activity of saliva may 

1 RoBEET A. Kehoe: Personal communication (1921). 



Figure 112. 
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be killed ” through the addition of various hea\y metals. Saliva, 
thus poisoned ” for weeks, will again split starches to dextrose 
when any of the light metal salts are added to it. But here again 
interesting differences appear. While all the lighter metals act 
in this fashion, excessive addition of such metals as potassium 
will again kill the reaction. Apparently only when the enzyme 
^presumably a protein) has a medium grade of dispersion and 



hydration and not an excessive ope with excessive solubility in 
water will it best exhibit its starch-splitting properties. ^ 


3. On the Nature and Relief of Heavy Metal Poisoning 

§1 

It is perhaps fair to say that the present day treatment of heavy 
metal poisoning is an attempt, in the main, to discover some 

^ This idea that optimal enzymatic activity is associated with a certain 
degree of dispersion of the enzyme, independently arrived at by Kehoe, 
was first discovered through other colloid-chemical methods by A. Fodor 
(Fermentforschung, 4, 191, 209 (1920)). Fodor found that the enzymatic 
activity (digestion of polypeptids) and ultramicroscopic picture of a phos- 
phoprotein obtained from yeast was destroyed through the action of much 
acid but that both could be restored through neutralization of the acid and 
addition of KCl. 
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“ antidote ” which will throw the poisonous agent “ out of solu- 
tion ” in “ insoluble ’’ form. Many facts in chemistry, pharma- 
cology and therapy already suffice to indicate that such a notion 
regarding the action of antidotal agents is incorrect. Unless, for 
example, an exactly proper concentration is maintained, the admin- 
istration of sodium or potassium iodid to individuals poisoned 
with lead or mercury does not result in the formation of insoluble 
lead or mercury salts, but may quit,e as easily yield soluble products. 
And yet the beneficent effects of iodid administration in the relief 
of various heavy metal intoxi(;ations, even when such concen- 
tration details are ignored, cannot be doubted. In the experi- 
ments of Kehoe the concentration of the reversing salts was so 
chosen as to yield no precipitates of the heavy metal elements, 
and yet the more nonnal state of the previously coagulated pro- 
tein was undoubtedly restored. 

The heavy metal salts do not poison protoplasm because they are 
dissolved in it, but because they combine with the protein constituents 
of the cell to yield insoluble protei nates of Imv hydration capacity. 
Antidotes do not save such poisoned cells because they precipitate the 
heavy metal, but because they displace the heavy metal from its protein 
combination to unite themselves unth the protein freed. The heavy 
metal previously insoluble because united to the protoplasm of 
the cell again becomes soluble and as such may be washed out of 
the body. 


§2 

The above considerations ^)ring with them, we think, sug- 
gestions of practical value for the treatment of all the heavy metal 
poisonings. 

It is obvious that if the heavy metal proteinates revert under 
the influence of light metal salts to the proteinates of these lighter 
metals (which then more nearly approximate in physical state the 
proteins of the normal cell) a second reason appears for the admin- 
istration of large doses of alkali to patients poisoned by the heavy 
metals. A first reason was found and utilized some years ago ^ 
* when the administration of alkali was recommended to patients 

* Martin H Fischer: (Edema, 123, 133, New York (1910); Nephritis, 
52, 125, 173, 186, New York (1912); (Edema and Nephritis, 2nd Ed., 549, 
648, New York (191.5^; (Edema and Nephritis, 3rd Ed , 727, 789, New York 
(1921). Here numerous references to the older literature may be found. 
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poisoned (or about to be poisoned for therapeutic reasons) by 
arsenic, mercury or lead. As discovered by F. Hoppe-Seyler 
and his pupils, T. Araki, T. Irasawa and H. Zillessen, the heavy 
metals interfere with the normal oxidation chemistry of living 
cells, resulting in an abnormal production and accumulation of 
acids in the involved cells. Such increased acid content is fol- 
lowed by an increased water absorption (cedema) of the involved 
cells which in the case of such organs as the brain, medulla and 
kidney may lead to a fatal issue. Associated with this phar- 
macological action of the heavy metals and the swelling of certain 
proteins is their other colloid-chemical action which results in the 
formation of kss hydratahk compounds (like the metallic globu- 
linates). The combination of the swelling of certain proteins 
with the dehydration of others yields the anatomical picture which 
the pathologists call “ cloudy swelling.” To neutralize the 
acids formed and thus to reduce the swelling of the one while at 
the same time the attempt is made to uncjoagulatc t he dehydrated 
second and thus clear the “ clouding,” heavy doses of alkali are 
needed (like the bicarbonat.es, carbonates and hydroxids of sodium, 
potassium and magnt^sium or, in general, any of the lighter bases in 
combination with organic acids oxidizable to carbonates). These 
substances alone, or better in mixture, must be given in sufficient 
amounts day and night to maintain a permane/nily neut ral or even 
a slightly alkaline reaction of the urine. In order to float off in 
solution the liberated heavy metal, water is needed. It must, 
however, be remcmibered that water alone, especially when brought 
in contact with cells inclined to cc«!ema, favors th(*ir swelling and 
solution. To offset such deleterious effects, the alkaline salts and 
water intake must be so controlled (whether given by mouth, 
rectum or intravenously) as always to have the combination touch 
the affected cells in hypertonic solution. ^ How much may be 
accomplished in saving an extra fraction of those poisoned by the 
heavy metals by s\ich methods may be deduced not only from my 
own studies* but from the indetwndent ones of William deB. 
MacNider and H. B. Weiss.*^ 

* For details regarding such treatment see Martin H. Fischer: (Edema 
and Nephritis, 3rd Kd , 667, 678, 783, New York (1921). 

“Martin H. Fischer: QCdema, 123, 133, New York (1910); Nephritis, 
52, 125, 173, 186, New York (1912); (Edema and Nephritis, 2nd Ed , 549, 
648, New York (1915); (Edema and Nephritis, 3rd Ed., 727, 789, New York 
(1921). 

• WiLUAM deB. MacNider: Jour. Exp. Med., 28 , 171 (1916); ibid., 26 , 
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4. Concluding Remarks 

In these concluding paragraphs we shall in rather dogmatic 
fashion try to group the reshlts of the studies outlined in these 
pages with some older ones,^ all of which had in common the pur- 
pose of analyzing protoplasm colloid-chemioally and of defining 
as accurately as possible the nature of various changes observable 
in the living mass wh(;n subjected to physiological or pathological 
change. 

§ 1 

Biological evidence indicates that of the five proximate prin- 
ciples found in protoplasm, —protein, carbohydrate, fat, salt and 
water — three constitute an irreducible minimum. While life 
may continue in the absence of carbohydrate and fat it ceases 
as soon as any of the other thnu^ is missing. What is the relation- 
ship of these to each other? In the common belief these materials 
exist ‘‘ in dilute solution ’’ in the cells which, plainly put, are held 
to be little bags of salt solution in w’hich the proteins are either 
dissolved or “ susfxnided.’' And yet, normal protoplasm even 
when very rich in salts has not a salty taster and does not yield 
any appreciable portion of its salt content t o rain or dew ^ or 
the distilled water in which it may be bathed. The salts are 
obviously not in dilute solution but combined with the protein. 
Biological reasoning therefoi-e compels the same conclusion 
to which the analogies existent between the behavior of simple 
(protein) colloid systems and t^^e behavior of living matter have 
led us. The so-culled “ salts ” and the water of protoplasm {except 
in theoretical amounts) are not free The salts are combined with 
the proteins and the combination is not “ dissolved ” in water, hut 
conversely, water is dissolved in it. Living matter is in essence a 
unit, a hydrated basic-protein-acid complex in which ionization, 
the laws of true Solution and the presence of water in a state 
analogous to that seen in a glass are reduced practically to zero.® 

1, 19 (1917); ibid, 28, 50, 517 (1918); Proc. Soc. Exp. Biol, and Med., 14, 
140 (1917); H. B. Weiss: Jour. Am. Med. Assn., 68, 1618 (1917); ibid., 71, 
*1045 (1918). 

‘ Martin H. Fischer and Marian O Hooker: Fats and Fatty Degen- 
eration, New York (1917); Martin H. Fischer: (Edema and Nephritis, 
3rd Ed., New York (1921) 

* See John Uri Lloyd: Eclectic Med Jour , 75, 616 (1915) 

* What is said here of the “salts” — which obviously are made when pro- 
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It is as different from the ordinary dilute solution as a “ solution ” 
of water in phenol is different from one of phenol in water. 

The experiments detailed in the preceding pages also indicate 
how the (iolloid-chemical nature of this hydrated protein colloid 
which constitutes the physiological basis of life may be changed, 
either from within or without, so tis to give rise to the manifesta- 
tions of |)hysiology, or, when more accentiiated, of pathology. 
Through temporarily or more continuously acting factors, he they 
mild or drastic in their action, the chemical character of protoplasm 
is changed and depending upon the hydration and solution character^ 
istics of the new compounds formed, the physical state of the living 
mass is also changed. 

In the list of the simpler changes which may thus be brought 
about are those which give character to oedema and abnormal 
water loss. The protoplasmic mass which in its “ nonnal ” state 
has sucked up as much water as it can, is possessed of what the 
physiologists call a normal water content or a normal turgor. 
If, for any reason, a cell takers up more than tliis normal amount 
of water, it lK‘Comes “ cedematous.” The botanists say that 
the cell is then in a state of abnormally high turgor which, when 
extreme, results in destruction of the cell or “ plasmoptysis.” 
Obviously, anything which under physiological or pathological 
conditions brings about such (;hange in the colloid mass, which, 
in other words, (mables it to absorb such excessive amounts of 
water may be listed as a “ causes ” of oedema or increased turgor. 

For t his reason abnormal ac(^mnulations of acids or of alkalies 
within a cell may be listed as causes for oedema, for these so act 
upon the “ normal ” albumins of the cell as to convert them 
into albuminates which have a higher hydration capacity. But 
the amins, pyridin and urea also increase the hydration capacity 
of proteins (though in a different way) so they, too, are in pro- 
pprtion to their activity, “ causes ” for oedema. Or when one 
basic or acid radical is substk.uted for another in the normal 
protoplasm this may be a cause for oedema; for ammonium or 
potassium proteinates are more hydratable than sodium or mag- 
nesium proteinate8„ and protein chlorid swells more than proteia 

toplasm is subjected to drying out, to the action of water, or to the action of 
analytical agents, is to our minds true also of many other components held to 
be preexistent and “dissolved” in living matter Alkaloids certainly do 
not exist as such in normal protoplasm — they are split off through the methods 
used to isolate them as John Uhi Lloyd has so often insisted. 
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sulphate. Such facts explain the “ poisonous '' and swelling effects 
of pure potassium or pure chlorid solutions upon normal colls 
which on exposure to these lose their sodium and calcium or their 
sulphate and phosphate, etc. 

On the other hand, anything which decreases the water hold- 
ing power of the protoplasmic (colloids is to be listed as a cause 
for abnormal water loss,” for shrinkage of the cadi or, to use 
the terminology of the*, botanists, “ pldstnolysia” JVTiich effort 
has been made to bring t.hesc swcdlings and slirinkings into nda- 
t ionship with the laws of osmotic pressure.' That all such attempts 
have failed will surprise no one, — the laws governing the water- 
holding pow(^rs of cells are the laws which govern the; water- 
holding powers of their “ normal ” colloid proteins and protein- 
ates and of the new colloid derivativ(;s produced from these when 
exposed to the action of differ(;nt salts. Since the derivatives 
produced are possessed of entirely different hydration capacities 
(;vcn when the salts arc; applied in the same conc('ntration the; 
ultimate swellings and shrinkings must obviously also be dif- 
ferent in spite of equivalence in “ osmotic pressure;.” 

As we pr(;vious)y list cal various element s as “ causes ” of 
ciMlema we could now in similar hishion list others as causes of 
plasrnolysis. In sufficient conc^entration all salts are such, but 
in their mode of action we must distinguish b(;tw(^en at l(;ast 
two types of effects. Even without entering the protoplasmic 
mass, salt molecules may bind water and so take it away from 
the; hydrated protoplasmic; mass (shrinking it through “depriv- 
ation of solvent” as first suggested by Franz Hofmeister^; 
on the other hand the salt raaicals may rcpla(;(; others in the 
protoplasmic mass ])incling themselves to the vacated bonds. 
In this way lead, mercury and similar proteinates are produced 
whi(;h, as compared with the more “ normal ” potassium, sodium 
and magnesium proteinates, suck up scarcely any water at all. 

§2 

The colloid-chemical variations accompanying chemical 
^change in the fundament of the living cell are not, however, 
exhausted by this change in its water-holding power. Its solu- 
bility in water also changes. Generally speaking those proto- 
^ Franz Hopmeisteb: Arch. f. exp. Path. u. Pharm., 26, 6 (1888). 
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plasmic derivatives which have a greater capacity for swelling 
have also a greater tendency to “ go into solution/’ The things 
that make for oedema make also, therefore, for the appeamnee of 
protein albumin ”) in the surrounding medium. The swollen 
kidney in nephritis therefore yields albumin to the urine (albumin- 
uria); the oedematous brain or spinal cord makes the protein 
content of the spinal fluid go up; etc. 

§3 

In association with these changes in the direction of increased 
swelling and increased solubility, or decreased swelling and 
decreased solubility, it is well to carry in mind a third tyi)e of 
(diaiige to be considered whenever salt in rather high concentra- 
tion is added to protoplasm and wIkui the i)Ossibilitiies for chemical 
reaction between tlu' salt and the proto})lasm are practically 
zero. Th(* change' about t-o be^ de- 
seu’ibed scarcely appears wheui the 
normal (relatively dry) cell is up for 
considerat.ion ; it may b(^ i>rominent 
when the cell is cedematous (or prac- 
tically liquid). When a chemically 
non-active salt is applied to protoplasm 
in relatively high concentration it tends 
to shrink the normal cell (see A of 
Fig. 1 14) concentrically; when mixed 
with a more liquid protoplasm the^sali particles unite with water 
within the protoplasmic mass (s(‘e B of Fig. 114). Dehydration 
of the (f)rotein) colloids of the cell ocjcurs in both instances, but 
volume change (in the sense of a decrease) may not apf)ear in t he 
second. 

The matter is of much importance in the analysis of the princi- 
ples which must guide us in the treatment of oedema. As so 
often insisted, all salts, including sodium chlorid, decrease the 
hydration capacity of a protein in the presence of an acid and 
for this reason should be administered in as high a concentration 
as possible to the oedematous individual. It has, however, been 
insisted by various clinicians that the administration of salts 
(especially sodium chlorid) does not decretise, but may actually 
increase oedema. While many of the observations intended to 
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prove this point are subject to serious question, the observations 
detailed in this volume ^ show how such occasional findings may 
be explained. 

After the state described in B of Fig. 114 has been attained 
it needs to be remembered that every salt water droplet is enclosed 
within a hydrated colloid membrane. But these are now osmotic 
systems; for the so-called semipermeahle membranes of the physical 
chemists, which allow water to pass through ihevi hut (as commonly 
alleged) no dissolved substances, are also ngthing but hydrated colloid 
membranes. None of them are really impermeable to dissolved sub- 
stances, but they allow the passage of .such only very slowly. The 
oedematous cell dehydrated from within may therefore swell still 
more if water is given, for it has been converted into a series 
of tiny osmotic systems, in other words droplets of concentrated 
salt solution in semipcTineable bags of hydrated colloid. 

These remarks must not, however, be misunderstood. The 
normal cell is no such system and the play of osmotic forces within 
it is practically zero. 

From their observations on oedema the clinicians have come 
to the false conclusion that the way to treat it is to withhold 
salt. What is necessary is to give salt but to withhold water. 


§4 

We may now return to th(^ general (juestion of the possibilities 
for the development of osmotic properties by any cell under 
physiological or pathological circumstances. 

Obviously, whenever the hydrated protein mass moves under 
the influence of physiological activity or in consequence of 
injury, etc., in the direction of increased hydration and increased 
solubility in water it moves also, in the direction of “ increased 
osmotic pressure,” increased electrical conductivity, increased 
fluidity and decreased viscosity; while changes in the direction 
of decreased hydration capacity and decreased solubility make 
/or an opposite set of changes. It is well to bear in mind the simple 
nature of these changes, for in them is carried the “ explanation ” 
of the biological terms which to-day impede progress in physiology 
or pathology. 


See page 113. 
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When it is observed that the colloid-eheniical interplay between 
prot.ein colloids, water and various so-called electrolytes ” is 
K0vern{5d both qualitatively and quantitatively by the same laws 
which govern various physiological functions (like water absorp- 
tion, muscular contraction, nerve conduction, sense of taste, 
digestion, enzymatic reaction, etc.) it follows that the essence 
of th(^se i)hysiological reactions must also be found in such colloid- 
chemical changes in the protein fraction of the protoplasmic 
mass. We locate, in other words, the portion of the living mass 
in which physiological behavior has its sc^at. And in pathology, 
it is again obvious that if t,he laws governing various pathological 
chang(is are those which govern the colloid-chemical behavior of 
l)roteins we obtain lu'.re, too, an answer to the nature of tlu\se 
(ilianges whikj discov(;ring, at the same time, the principles which 
must guide us in their treatment. 

Protoplasm when stimulated ” or injured manifests sub- 
sequently a “ current of action ” or “ reaction to injury.” Physio- 
logi(!ally we know that the irritat ed or injured protof)lasm becomes 
more acid, that its electrical i)otential toward an uninjured or k'ss 
injured part, changes, and t hat it shows an increased osmotic pr(*s- 
sure; pathologically we observe the injured protoplasm to swiill, 
to undt^rgo, perhaps, a cloudy ” swelling or “ albuminous 
degiaieration,” which wlaai sufiicicmlly stwere may be followed 
by '' fatty degeneration ” and death of the involved part (“ necro- 
sis ”). 

The concej)t,s develop(‘d in the preceding pages may serve to 
indicate how these physiological, anat,omical and pathological 
entities hang together. The production of acid in a part, either 
through activity or injury, must, of necessity, bring with it an 
electrical change, succ(H‘ded by a chemical one in which the pro- 
teins of the involved protoplasm are given an increased hydra- 
tion capacity and so, if water is prestait, are made to swell. Such 
swelling will, however, be manifested only by proteins of the 
albumin type. The globulins, on the other hand (which as 
sodium, magnesium or calcium globulinate have in this form a 
higluT hydration capacity), will be robl)ed of their bases, and, a8« 
the less hydratable “ free ” “ globulinic acid ” tend to be pre- 
cipitated. The combination yields a pi-ecipitated material within 
a swollen one, in other words, the anatomical picture of cloudy 
swelling. But the swollen proteins are also more soluble in water. 
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The involved protoplasm will therefore not only tend to mix 
with its surrounding im^dium, hut (except for the globulin frac- 
tion) will itself be moving from a syst,eni represented by a solu- 
tion of water in colloid material towards a system represtmted 
by a true solution of the colloid material (the protoplasm) in water. 
As this happens there will be observed a “ liquefaction ” of the 
protoplasm, a decrease in its viscosity, an incn^ased diffusibility 
and (if such diffusion is imfXMled by hydral.ed colloid walls) mani- 
festations of an incn‘as(Kl osmotic pressyn^. 

The several changes d(‘scribed make for a steady decreas(' in 
the amount of hydroi)hilic colloid present in the unit volume of 
protoplasm and th(' app(^aran(re of more and inon^ “ free ” water. 
But under such circumstances any fat, previously hedd apart in 
finely divided form within the protoplasm begins to run together 
into larger globukis. As this happens we get the anatomical pic- 
ture of “ fatty d(‘generation.” 

Wo have not thus far considered the question of whether a 
reversal in the circumstancc^s producing the stories of changes 
described (with t h(;ir accompanying alterations in function) allows 
these changes to reverses or not. If reversion is possible tlie con- 
dition is “ curable if not, the involved protoplasm dies, or, to 
say it in (Ireek, it suffers necrosis. 

§5 

Considering that in a thousand pages of pathology the sub- 
jects of oedcana, cloudy swadliffg and fatty degeneration scarcely 
take up a doztai, it may impress the reader that too much has been 
made of them in tlie pages of this volume and preceding ones. If 
the matter ne.eds justification then it is written in the fact that all 
disturbance in function and all the changes of dist'ase which are 
rev(^rsible and th(^refore (;urable are contained within the confines 
of these lowly concepts. Ccdls once dead may be replaced by 
others, but the physician d(K's not do this. If he has a problem 
it is that of how to maintain the physiological; to understand 
the nature of the pat.hological; and to use, not with hope only, 
but with conscious power his knowledge of these things in order 
to aid nature in her efforts to restore an injured cell to the nomial. 

To hasten such solution our efforts have not brought us far. 
To do it in the terms of morphology is to end in pictures; to do 



250 


SOAPS AND PROTEINS 


it in the terms of pure chemistry is to end in formulse. Perhaps 
to do it in the tenns of colloid-chemistry as attempted in the 
preceding pages is also inadequate, but if it is, th(5 fault is resident 
in the misapplications which hav(^ been made, not in the inade- 
quacies of colloid-chemistry to the task. 
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* It is an interesting fact that lauric acid and all the higher members named in the acetic senes which occur in nature in fats and oils, contain an 
even number of carbon atoms and are all normal acids The higher normal acids contaimng an odd number of carbon atoms, CsHi; • COiH.CuHn COiH, 
etc., are known, but do not occur in nature a This boiling-point observed at 100 mm pressure < Values from V. v. Richteb: Organische 

Chemie, 10*® Aufl., 1, 287, Bonn (1903 ) » Very soluble in aoetone, benzene chloroform and carbon bisulphid 
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Oils, Fats and Waxes, 1, 111, London (1913) 
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II 

PHYSICO-CHEMICAL CONSTANTS OF VARIOUS ALCOHOLS ^ 


1. Monatomic Alcohols of the Formula CnH 2 „+iOH 


Alcohol 

Formula 

Molecular 

weight 

1 

Specific 

gravity 

Melting- 

jKiint 

Boiliug- 

point 

Methyl 

CIDOII 

• 32 03 

0 7913^ 

- 97 8® 

66 78° 

Ethyl 

C 2 II 0 OII 

46 05 

0 78510^4* 

-112 3“ 

78 4° 

Propyl 

CaHrOH 

60 06 

0 80358 4 


97 4° 

Ilutyl 

CiHsOH 

74 OH 

0 8138^1 


117 02® 

Amyl 

aHuOH 

HH 10 

0 8 1 (.8‘-* “ 


137 8° 

Capryl 

Heptyl 

CiHiiOH 

116 13 

0 830*" 

- 36 5° 

175 8° 

Octyl 

CaHivOH 

130 15 

0 H375 


195 5® 

Nouyl 

CsHuOH 

144 16 

0 8346~/ 

- 5 0® 

215 0° 


2. Diatomic Alcohols 

Ethylene G!H4(01I)2 62 05 . - 17 4° 197 37® 

Rlycol 

Trunethylene C>Il6(C)H)i 76 00 . 210 0® 

glycol ^ 


3. Triatomic Alcohols 


Glycerin | 

C»H6(OH)j I 

92 06 1 

20 1 

1 2604 4 1 

17® 

290 0® 



4. Other Alcohols 



Allyl 

CalKOH 

58 05 

«0 8491^ 

I - 129® 

96 69° 

Benryl ’ 

CtHtOH 

108 06 



[ 206 0° 

Cinnamyl 

CsHsOH 

134 08 

1 

1 0397^6 

33® 

257 5® 


> Data from Van Nohthand’s Chemmal Annual, edited by John C Olhen, New York 
(lOlSl, unless otherwise specified 

* V I Richter Organische Cheiiiie. lO'** Aiifl , 1 , 340 (1903) 

» W H Pkukin and F Stanley Kipping. Organic Cheiniatiy, 451, London and Edin- 
burgh (1911). 
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A 

Acetic Acid, 7, 253 

Acetic Sekieh, fatty acids of, 7, 253; soaps of, 16 

Acetic Series Soaps, 10, saltmg-out of, 117, 135; gelation of, 135; and foam- 
ing characteristics, 138, 141; and emulsifying characteristics, 130, 150; 
and washing characteristics, 136, 157 

Acid, acetic, 7, 253; butyric, 7, 253; valeric, 7, 253; caproic, 7, 253; caprylic, 
7, 253; capric, 7, 253; lauric, 7, 253; ficoceryhc, 7; myristic, 7, 253; 
isocetic, 7; palmitic, 7, 253; margaric, 7, 253; stearic, 7, 253; arachidic, 
7, 253; behenic, 7, 253; lignoceric, 7; carnaubic, 7; pisangcorylic, 7; 
cerotic, 7, 253; montanic, 7; melissic, 7; psyllostearylic, 7; tiglic, 7, 
254; hypogaeic, 7, 254; physetoleic, 7, 254; palmitoleic, 7, 254; lyco- 
podic, 7, 254; oleic, 7, 254; elaidic, 7, 254; isodleic, 7, 254; rapic, 7, 
254; petroselinic, 7, 254; choiranthic, 7, 254; liver oleic, 7, 254; doeglic, 
7, 254; jecoleic, 7, 254; gadoleic, 7, 254; erucic, 7, 254; brassidic, 7, 254; 
isoerucic, 7, 254; linolic, 8, 255; millet oil, 8, 255; telfairic, 8, 255; 
eljeomargaric, 8, 255; ekeost/earic, 8, 255; tariric, 8; hydnocarjac, 8; 
chaulmoogric, 8; linolenic, 8; isolinolenic, 8; jecoric, 8; isanic, 8; 
thcrapic, 8; clupanodonic, 8; arachidonic, 8; sabinic, 8; juniperic, 8; 
lanopalraic, 8; eocene, 8; ricinoleic, 8; isoricinoleic, 8; ricinelaidic, 8; 
ricinic, 8; quince oil, 8; dihydroxystearic, 8; lanoceric, 8; hepta- 
decamethylcncdicarboxyhi*, 8; octodecamethylonedicarboxylic, 8; jap- 
anic, 8; formic, 253; propionic, 253; heptyhe, 253; hyaenic, 253; pel- 
largomc, 253 

Acids, fatty, 7, 8, 253; of the scries (^fl 2 n+iCOOH, 20; arnins of fatty, 206; 
solubility of fatty in and for water, 206; and union with proteins, 227. 

Acid Soap, 112. 

Acrylic Acid Series, 7, 254 

Additive Salt Effects, 102 

Adsorption, in soap systems, 185 

At-bumin Content of Secretions, 246 

Albuminous Degeneration, 248 

Albuminuria, 246. 

Alcohols, ethyl, 30, 31, 34, 56, 57; amyl, 34, 66, 57; capryl, 34, 56, 67; 
heptyl, 34, 66, 67; methyl, 34, 56, 57; octyl, 34, 56, 57; nonyl, 34, 56, 57; 
propyl, 34, 56, 57; monatomic, 44, 56; allyl, 49, 53; benzyl, 49, 68; 
cinnamy], 49; diatomic, 50, 58; triatomic, 52, 59; and sodium oleate, 
46; and sodium elaidate, 46; and sodium erucatc, 47 ; and sodium linolate, 
48. 

Alcohol/ soap Systems, 30 

Alkalies, and salting-out effects on potassium oleate, 120, 121; and union, 
with proteins, 227; and heavy metal poisoning, 241, 
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Alkaloids, and protoplasm, 244. 

Allyl Alcohol, 49, 53, 256. 

Amino-acidb, 205. 

Amino-fatty-acidb, 206 

Ammonium linolate, 24) oleato, 25| stearate, 26j palmitate, 27; laiirate, 28. 
Ammonium Chlorid, and saltmg-out of soaps, 121, 130. 

Ammonium IIydroxid, and salting-ont of soaps, 121. 

Amyl Acktatr, 61. 

Amyl Alcohol, 34, 56, 57, 256 

Analogiks, in colloid-chemistry of protein derivatives and tissues, 205 
Antidotes, 241 
Arachidu^ Acid, 7, 253 
Arachidonic Acid, 8. 

Asbestos, 193. 

B 

Barium linolate, 24, oleate, 25, stearate, 26, palmitate, 27, laurato, 28 
Barytes, 193 
Beeswax, 169 
Behenic Acid, 7, 253. 

Benzaldehyd, 61, 63. 

Benzene, 61, 63 
Benzyl Alcohol, 49, 58, 256 
Bibliooraphy, 257 
Biological CkiAGULATioN.s, 233. 

Blood (Coagulation, 233 
Borax, as soap filler, 185 
Brassidic Acid, 7, 254 
Brine, and salting-out of soaps, 182 
Butter Fat, 168. 

Butyl (Iso) Alcohol, 56, 57, 256 
Butyric Acid, 7, 253 


C 

Cacao Butter, 167 

Calcium Chlorid, and salting-out of soaps, 131. 

Calcium Hydroxid, in soap manufactfire, 93 

Calcium linolate, 24; oleate, 25; stearate, 26; hydroxid, 93; chlorid, 131 
Capric A(Td, 7, 253. 

Caproic Acid, 7, 253 
Capryl Alcohol, 34, 56, 57, 256 
Caprylic Acid, 7, 253 
Carbon Tetrachlorid, 61, 63 
Carnaubic Acid, 7. 

Casein, 228, 233; systems, 288 
Oaseinogen, coagulation of, 233 
Castor Oil, 166. 

Cells, osmotic phenomena in, 247. 

Cbrotic Acid, 7, 253 
Chalk, 193 

Chaulmoogric Acid, 8 

CriAULMOOGRIC AciD SERIES, 8 

Cheiranthic Acid, 7, 254. 

Chloroform, 61, 63 
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CiNNAMYL Alcohol, 49, 256 
Clay, 193. 

Cloudy Swelling, 24S 
Clupanodonic Acid, 8 
Clupanodonic Acid Series, 8 

Coagulation, 225; definition of, 226; of protein systems, 230; through 
heat, 230. 

CocoANUT Oil, 167 
CoccERic Acid, 8. 

Cod Liver Oil, 166. 

Cold Process Soap Manufacture, I7ii 
Cold Water Soaps, 187 

Colloids, definition of lyophilie, (>4; theory of, 64; classification of, 64; 
lyophobic, 65; difTercnce between lyophilie and lyophobie, 65; lyophilie 
and lyophobie, 72; liysteresis, swelling, liquefaction, gelation capacity, 
solvation capacity, syncresis and sols of, 74; swelling of, 75; sweating of, 
76; as fillers for soaps, 193 

Colloid-chemical Changes, and physiological reactions, 248. 
CoLiiOiD-CHEMisTRY, of soap-maUiiig, 6; of jirotein derivatives, 208; of deriva- 
tives of egg-globuhn, 210 
CoLiiOiD Ions, 112 

CXiLLOiD Systems, stabilization of, 225; reaction of, to indicators, 229 
Comparison, of soaps, 23, of soap systems with gelatin systems, 223; of 
soa]) systems with protein systems, 223 
Constants, of fatA and oils, 169; of market soaps, IHt); of fatty acids, 263; 
of alcohols, 256 

^INVERSION, of one soap into another, 190; of heavy metal proteinates to 
light metal proteinates, 237 
Cottonseed Oil, 165; saponification of, 172 
Critical Mixtures, 66. 

Critical Temperature, 68 

Cupric Chlorid, and salting-out of soaps, 132 

Cupric Sulphate, 238 

Curarility, 249 

Curd Soap, 181, 183 

Current of Action, in protoplasm, ‘J48 

Cyclic Acids, 8. 


D 

Death, 248. 

Dehydration, by sodium chlorid, 246. 
Deprivation of Solvent, 245 
Diatomic Alcohols, 50, 58, 256. 
Dibasic Acids, 8. 

Dihydroxylated Acids, 8. 
Diiiydroxystearic Acid, 8 
Diphasic Systems, viscosity of, 115. 
^Doeglic Acid, 7, 254 
Drying of soaps, 189, 191 


E 

Egg-globulin, and hydroxids, 207; and water systems, 209; colloid-chem- 
istry of derivatives of, 210; and acids, 212; and salts, 217. 
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El^omargaric Acid, 8, 2.55 
El/Eostearic Acid, 8, 255 
Elaidic Acid, 7, 2M. 

Emulsification, theory of, 154; in soap manufacture, 174. 
Emulbifyinq Properties of Soaps, 1.36, 150 
Emulsion, 73 

Enzymes, and heavy metal action, 239; and dpg;ree of dispersion, 240. 
Eructc Acid, 7, 254. 

Ethers, G1. 

Ethyl Alcohol, 34, 50, 57, 256; and soaf) systems, 30, 34. 

Ethyl Alcohol/Sodium Oleate Systems, 31. 

Ethyl CEnanthati':, 01, 03 
P'thyleneglycol, .50, .58, 59; 250 
Eutectic Mixtures, 20 


F 

P'at Constants, 109 

P'ats, 3; in soap making, 104 

Fatty Degeneration, 248 

P^ERRic Chlorid, and salting-out cf soaps, 133. 

Ferric Sulphate, 238 
Fibrinogen, coagulation of, 233 
Ficocerylic Acid, 7 
Filled Soaps, 185 

P'lLLER FOR Soaps, borax as, 185; sugar solution as, 192; colloids as, 193; 

nature of action of, 194; use of, in exce.ss, 195 
Finishing of Soaps, 183 
Flour, 193. 

Foaming, of soaps, 130; soaps effective for, 1.38, cfTect of ti'inperature upon, 
138; theory of, 1.54 

P^OAMS, solid, 130; liquid, 1.30, production of, 137; maintenance of, 137 
Formic Acid, 2,53 


G 

Gadoleic Ach), 7, 2.54, 

Gas in Gas, 04 
Gas in Liqtud, 04. 

Gas in Solid, 04. 

Gasoline, 01, 63. 

Gel, 21; theory of soap, 69 

Gelatin, 209, 218; swelling of, 75, 218; and water systems, 218; solution of, 
218; independence of swelling and solution in, 219; hydration and solu- 
tion of, 219; liquefaction of, 220; and alkali, 220; and acid, 220, and 
salt, 221. 

Gelatin Chlorid, 221. 

Gelatin/ Water Systems, 218 

Gelation Capacitier, 74, 76; of sodium soaps, 21. 

Globulins, and heat coagulation, 233 
Glycerin, .59, 256. 

Goose Fat, 168. 

Grained Soaps, 183. 

Graining of Soaps, 5. 

Gumming of Soaps, 182. 
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Half-settled Soaps, 183. 

Heat Coagulation, 230; of protein and soap systems, 231; of bioloRical 
fluids, 233. 

Heavy Metals, nature of poisonmg by, 241 
Heavy Metal Poisoning, nature and relief of, 241 
Heavy Metal Proteinates, 192, 237. 

HEPT\DE€AMETilYLKNEniOARUOXYLir AciD, 8 
Heptane, 61, 63. 

Heptyl Alcohol, 34, 56, 57, 256 
Hei»tylic Acid, 253 
Hog Fat, 168. 

Hot Process Soap Manufacture, 170 
Hot Water Soaps, 187 
Hyaentc Acid, 253 
Hydnoi'arpic Acid, 8 
Hydrates, 114, 115 

Hydration, of gelatin, 219; and solution of proteins, 219. 

Hydrogen Ions, of i)rotein /water sy.steins, 214 

Hydrogenated Cottonseed Oil, saiionifieation of, 173 

Hydrogenation, 13 

Hydrolysis, of soaps, 79 

Hydroxids, and egg-globulin, 207 

Hydroxyl Ions, of protein/water system.s, 214 

Hydroxylated Acids, 8 

Hygrosc'opic Properties, of soaps, 189 

Hypoo^ic Acid, 7, 254 

Hysteresis, 74 


1 

Indicators, 77; and protein systems, 229 
Injury, to protoplasm. 82 
loDiN Value, 170. 

Ionization, in protoplasm, 82, 243 
Ions, colloid, 112 
Isanic Acid, 8. 

Isobutyl Alcohol, 56, 57. 

IsocETic Acid, 7 
IsoEKUcic Acid, 7, 25^1 

1 SOLI NOLEN 1C Acil), 8. 

IsooLEic Acid, 8, 254 
IsoRiciNOLEic Acid, 8 
IsoHMOTic Solutions, 236 
Isotonic Solutions, 236. 

J 

Japan Wax, 168 
Japanic Acid, 8 
Jecoleic Acid, 7, 254 
Jecoric Acid, 8 
Jellying, of soaps, 111. 

JuNiPERic Acid, 8. 

K 

Kernseipe, 183. 
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L 

Lanoceric Acid, 8. 

Lanopalmic Acid, 8. 

Lard, 168 
Laurates, 14, 28. 

Lauric Acid, 7, 253 

Lead linolate, 24; .oleato, 25; stearate, 26; palmitate, 27; laurate, 28. 

Lead Cheorid, 238 

T.(Eimniederschlag, 183 

Light Metal Proteinateb, 237. 

Lignoceric Acid, 7. 

Ltmonene, 61, 63 
LlNOIiATEH, 10, 24 
Linolenic Acid, 8 
Linolenic Acid Series, 8. 

Linolic Acid, 8, 255 
Linolic Acid Series, 8. 

Linseed Oil, 165 
TjIQCE FACTION, 74 
Liquid Foams, 136 
Liquid in Gas, 64 
Liquid in Liquid, 64. 

Liquid in Solid, 64 
Lithium Oleate, 25 
Liver Oleic Acid, 7, 253 
Lycopodic Acid, 7, 254 

Lye, 5, 181 . ^ . 

Lyophilic Colloids, 71, general theory of, 64; definition of, 64 
Lyophobic Colloids, 65, 72 


M 

Magnesium linolate, 24; oleate, 25, stearate, 26; palniitato, 27, laurat(‘, 28. 
Magnesium Chlorid, and salting-out of soaps, 131 
Magnesium Sulphate, and sodium oleate, 200. 

Manufacture, of soap, 163. • 

Margaric Ainn, 7, 253; as euteetie mixture, 20. 

Marine Soaps, 187 
Mayonnaise, 115 
Melihsic Acid, 7, 253 
Mercuric Chlorid, 239 
Mercury oleate, 25; stearate, 26. 

Methyl Alcohoi., 34, 56, 57, 256 
Milk Coagulation, 233. 

Millet Oil Acid, 8, 255 

Mixed Systems, 73, 83, 84, 85, 86, 87, 88, 89 

Monatomic Alcohols, 44, 56, 256; and sodium oleate, 46; and sodium 
elaidate, 46; and sodium erucate, 47; of the senes C„H„OH, 49; con- 
stants of, 2^ 

Monatomic Alcohoi-/Soap Series, 30. 

Montanic Acid, 7. 

Mutual Solubility, 66 
Myosinogen, coagulation of, 233. 

Myristic Acid, 7, 253. 
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N 

Necrosis, 248. 

Neutral Soaps, 78. 

Non-Aqueous Solvents, and soap, 60, 63. 

Nonyi. Alcohol, 34, 56, 57, 256 
Nutmeg Butter, 167. 

O 

OCTODECAMETHYLENEDICARBOXYLIC VciD, 8. 

Octyl Alcohol, 34, 56, 57, 256 

(Edema, 244; action of sodium chlorid in, 246. 

Oil Constants, 169 

Oils, 3; used in soap making, 1()4 

Oleateb, 10, 24 

Olek^ Acid, 7, 254 

Oleic Acid Series, 7, 254 

Olive Oil, 166 

Open Chain Acids, 8, 255 

Osmotic Systems, 247 ; nature of, 247. 

V 

Palm Kernel Oil, 1()7. 

Palm Oil, 166. 

Palmitates, 14, 27. 

Palmitic Acid, 7, 253 
Palmitoleic Acid, 7, 254 
Paraldehyd, 61, 63 
Pelaroonic Acid, 253 

Peptization, 225; definition of, 226; of fatty acids and proteins, 227. 

Petroselinic Acid, 7, 254 

Phenol/Water Systems, 06; saltiiig-HRit of, (>H 

Phenolpiithalein, 78, 113 

Physetoleic Acid, 7, 254 

Physk’AL State, of soap mixtures, 83 

Physk'o-chemical Constants, of fatty acids, 253; of alcohols, 256. 

Physiological Reactions, and colloid-chemical changes, 248 

Physiological Salt Solution, 2ifb 

PiNENE, 61, 63 

PiSANGCERYlJC AciD, 7 

Plasmolysis, 245 

Plasmoptysis, 245 

Plumbic (Chlorid, 238 

Poisoning, by ammonium compounds and heavy metals, 235 
Poppy Seed Oil, 165 

Potassium, linolate, 24; oleate, 25; stearate, 26; pahnitate, 27, laurate, 28, 
oleate, 93, 94, 95, 102, 108, 110, 120, 121, 127, 128, 129, 134, 135, 200, 201. 
hydroJdd, 120, 127; fluorid, 121; chlorid, 122, 127, 128, 129; bromid, 
122; iodid, 122; nitrate, 123; sulphocyanid, 123; sulphocyanate, 124; 
acetate, 125; sulphate, 125; tartrate, 126; phosphate, 126, citrate, 126; 
poisonous action of, 245 
Potassium Acetate, 125 
Potassium Bromid, 122 
Potassium Chlorid, 122, 127, 128, 129 
Potassium Citrate, 126. 
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Potassium Fluorid, and salting-out of 8oa|>8, 121. 

Potassium Hyoroxid, and salting-out of soaps, 120, 127. 

Potassium Iodid, 122. 

Potassium Nitratk, 123. 

Potassium Ole ate, salting-out of, 93; effects of water upon, 94; effects of 
alkalies upon, 94; effects of salts uiKjn, 95; effects of alkali and salt 
together upon, 108; historical remarks on the salting-out of, 110; salting- 
out effects of alkalies upon, 120, 121, 127, 128, 129, 134, 135; salting-out 
effects of neutral salts upon, 121, 122, 123, 124, 125, 120, 127, 128, 129, 
130, 131, 132; and sodium carbonate, 200; and sodium silicate, 201; 
and sodium borate, 201 ; and magnesium sulphate, 201 

Potassium Phosphate, 126 

Potassium Soaps, 16, 23; foa*.nmg i)ro]x‘rties of, 143; foaming properties of, 
of the acetic senes, 148 

Potassium Sulphate, 125 

Potassium Sulphocyanate, 123, 124. 

Potassium Tartrate, 120 

Potato Flour, 193. 

PROPANDIOL (1, 3), 50. 

Propionic Acid, 253. 

Propyl Alcohol, 34, 56, 57, 256 

Protein, swelling of, 75, 219; acid and basic derivatives of, 206; colloid- 
chemistry of derivatives of, 208; solution of, 218; action of acids and 
alkalies upon, 218; salting-out of, 226; coagulation of, by different 
bases, 230; coagulation of, by heat, 233; and heavy and light metals, 237. 

Protein Derivatives, 205; solution of, 205; hydration of, 205; solubility 
of, in and for water, 206. 

Protein Systems, compared with soap systems, 223. 

Protein/Water Systems, stability of, 214; independence of swelling and 
solution in, 219 

Protoplasm, solution of water in, 78; ionization in, 82, 243; injury to, 82, 
247; fundamental chemical constitution of, 235; as solution of water in, 
235; effects of introducing different bases into, 236, 237; fundamental 
composition of, 243; salts in, 243; and alkaloids, 244; solubility of, for 
water, 244; solubility of, in water, 245; reaction of, when injured, 247; 
electrical conductivity of, 247 ; cloud*,' swelling in, 248. 

Psyllobtearylic Acid, 7. 


Quince Oil Acid, 8 
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K 

IlEAcmoN TO Injury, in protojilasin, 82, 248. 
Rapic Acid, 7, 254 
Reicher'p-meibsl Value, 170. 
Reversibility, in soaps, 89. 

RicinelaSdic Acid, 8 
Ricinic Acid, 8. 

Ricinoleic Acid, 8. 

Ricinoleic Acid Series, 8 
Rinqer Solution, 236. 
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S 

Sabinic Acid, 8. 

Saliva, and heavy metals, 240. 

Salting-out, of soaps, 5, 08, 80, 93, 182; of phenol/water system, 68; of 
potassium oleate, 93; historical remarks on, of soaps, 107, 110; theory 
of, of soaps, 113; of different soaps, 116; of acetic series soaps, 117; 
effects of concentrations of sodium chlorid upon, of soaps, 117, 128, 129, 
130; of mixed soaps, 181, of proteins, 226. 

Salts, effects of, on j)ota8sium oleate, 96; water attracting power of, 110, 111 ; 

and gelatin, 222; relation of, to prot<)])lasm, 243 
Saponification, effect of concentration of alkali upon, 179 
Saponification Value, 170 

Secretions, as solutions of ]>rotoplasm in water, 235; albumin content of, 246 
Seed Husks, 193 
Sesam^ Oil, 166. 

Settled Soap, 181, 183. 

Shaving Soaps, 191 
Silver Nitrate, 238. 

Soap, definition of, 3; graining of, 5; by Twitchell process, 5; preparation 
of, 10 

Soaps, gelation capacities of, 10; with different basic radicals, 10; with differ- 
ent acid radicals, 15; of acetic acid senes, 16; and water I'oncentration, 
22; and non-a<iueous solvents, 60, 63; salting-out of, 68; as normal 
electrolytes, 70, 180; as colloids, 70, U2, 181; neutral, 78, 113; hydroly- 
sis of, 79; reversibility in, 89; salting-out of, 93, 182; liistorical remarks 
on salting-out of, 107, 110; jellying of. 111; acid, 112, 113; as true 
solutions, 112; alkaline to phenolphthalcin, 113; theory of salting-out 
of, 113; salting-out of different, 116; gelation and salting-out of various, 
of tke acetic series, 135; foaming properties of, 136; emulsifying proper- 
ties of, 136, 150; washing properties of, 136, 157; changes in, on cooling, 
180; salting-out of mixed, 181; curd, 181, 183; settled, 181, 183; grain- 
ing of, 182, 183; “going stringy" of, 182; finishing of, 183; half-settled, 
183; filled, 185; transparent, 186; physical constants of market, 186; 
cold water, 187; hot water, 187, marine, 187; hygroscopic properties of, 
189; water loss by, 189; conversion of one into another, 190; shaving, 
191; fillers for, 192; hydrolysis m, 231; heat coagulation of, 231, 232. 
Suap/Alcohol Systems, 30; with different soaps, 31; with different alco- 
hols, 31 

Soap Gels, as mutually soluble systems, 66, 69; theory of, 69 
Soap in Water, 69. 

Soap Kettle, 164. 

Soap Making, 6. 

Soap Manufacture, 163; by cold process, 170; by hot process, 170; mixing 
of fat with alkali in, 174; emulsification in, 174; microscopic changes 
observed during, 176; addition of alkali in, 178 
Soap Mixtures, 83. 

Soap Systems, effects of temperature on, 71; compared with gelatin systems, 
223. 

Soap/Water Systems, 9. 

Sodium eaproate, 17, 19, 38, 54, 56, 58; caprate, 19, 39, 54, 56, 58; laurate, 19, 
28, 39, 54, 56, 58, 59; myristate, 19, 40, 54, 56, 58, 59; palmitate, 19, 27, 
41, 54, 56, 58, 59; arachidate, 20, 54; margarate, 20, 42, 54, 56; stearate, 
20, 26, 43, 54, 56, 58, 59; elaidate, 21, 55, 57, 58, 59; erucate, 21, 58, 59; 
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linolate, 21, 24, 67; oleate, 21, 25, iA, 67, 58, 59; acetate-alcohol systems, 
31; butyrate-alcohol systems, 31 ; caproate-aleohol systems, 31; caprate- 
alcohol systems, 31; caprylate-alcohol systems, 31; erucate-alcohol sys- 
tems, 35; elaidate-alcohol syst^ems, 35; caprylate, 38, 54, 5G, 58; elaidate 
and different alcohols, 46; oleate and different alcohols, 46; erucate and 
different alcohols, 47; linolate and different alcohols, 48; butyrate, 54, 
56; valerate, 54; acetate, 55; formate, 55; propionate, 55; oleate and 
indicators, 78; stearate and indicators, 79; oleate-sodium stearate mix- 
tures, 83, 84, 88; nleaU'-sodiurn palimtate mixtures, 8^1, 85, 88; linolate- 
sodium stearate mixtures, 86, 88; caprylate-sodium stearate mixtures, 
87, 89; chlond, 117, 128, 129, i;i0, 185, 246; liydroxid, 120; carbonate 
as soap filler, 185; borate as soap filler, 185; silicate as soap filler, 185; 
gelatiriate, 221 ; caseinate, 229 
Sodium Acetate, 55; -ahiohol systems, 31 
Sodium Arachidate, 20, 54. 

Sodium Borate, as soa]) filler, 185; and sodium oleate, 199 
Sodium Butyrate, 54, 56; -alcohol systems, 31 
Sodium ( Narrate, 19, 39, 54, 56, 58; -alcohol systems, 31 
Sodium C^aproatk, 17, 19, 38, 54, 58; -alcohol systems, 31 
Sodium Caprylate, 38, 54, 56, 58; -alcohol systems, 31; -sodium stearate 
mixtures, 87, 89 

Sodium Carhonate, as soap filler, 185; and sodium oleate, 198 
Sodium (Caseinate, 229 

Sodium ('hlorid, and sodium soaps, 80; effects of concentrations of, for 
salting-out of soaps, 117, 128, 129, 130; as soap filler, 185; and dehy- 
dration of protofilasm, 246 

Sodium Elaidate, 21, 55, 57, 58, 59; -alcohol systems, 35; and different 
alcohols, 46 

Sodium Erucate, 21, 58, 59, -alcohol systems, 35; and different alcohols, 
47 

Sodium Formate, 55 
Sodium Celatinate, 221 

Sodium Hvdroxid, and salting-out of soa]>s, 120 
Sodium La urate, 19, 28, 39. 54, 56, 58, 59 

Sodium Linolate, 21, 24, 57, and different alcohols, 48, -sodium stearate 
mixtures, 86, 88. , «’ 

Sodium Maroarate, 20, 42, 54, 56 
Sodium Myristate, 19, 40, 54, 56, 58, 59 

Sodium Oleate, 21, 25, 55, 57, 58, 59, and ethyl alcohol, 31; and different 
alcohols, 46; and indicators, 78; -sodium stearate mixtures, 83, 84, 88; 
-sodium palmitate mixtures, 83, 85, 88; and sodium carbonate, 198; 
and sodium silicate, 199, 201; and sodium borate, 199; and magnesium 
sulphate, 200 

Sodium Palmitate, 19, 27, 41, 54, 56, 58, 59; -sodium oleate mixtures, 83, 
85, 88 

Sodium Propionate, 55. 

Sodium Silicate:, as soap filler, 185; and sodium oleate, 199, 201, 

Sodium Soaps, 16, 23; of the acetic acid series, 29, 44; of the oleic acid 
series, 29; of the linolic acid series, 29; and diatomic alcohols, 50; and 
triatomic alcohols, 52; and glycerin, 52; and ethyl alcohol, 54; and 
alkali, 80; and sodium chlorid, 80; foaming properties of, 139; produc- 
tion from potassium soaps, 190; production from calcium soaps, 191; 
production from ammonium soaps, 191. 
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Sodium Ste abate, 20, 26, 43, 64, Ife, 58, 59; and indicators, 79; -sodium 
oleate mixtures, 83, 88; -sodium Imolate mixtures, 80, 88; -sodium 

caprylate mixtures, 87, 88 
Sodium Valerate, 54 
Soft Soap, 83. 

Sol, 74, 76. 

Solid Foams, 136 
Solid in Gab, 64 
Solid in Liquid, 64. 

Solid in Solid, 64 
Solid Tissues, 81 
Solubility, mutual, 66. 

Solution, 17; definition of, 69, 221; of ])rotein*H, 218 

Solvates, 114, 115 

Solvation (Capacity, 74, 76 

Solvent, deprivation of, 245 

Solvents, 30. 

Starch, 193. 

Stearates, 10, 26; reversion of, from heavy to liRlit metal soaps, 92. 

Stearic Acid, 7, 253 

Stimulation, of protoplasm, 248 

Sugar Solutions, as fillers for soaps, 191 

Suspension, 73 

Sweating, of colloids, 76. 

Swelling, 74, 75; of protein, 218 
Syneresis, 17, 30, 74, 76 

System, soap/water, 9; s<iap/alcohol, 30; soap/x, 60; phenol /water, 66; 

gelatin/water, 218, casein/water, 228 
Systems, viscosity of diphasic, 115; stabilization of, 225; osmotic, 247. 


T 

Tallow, 168 
Tapioca, 193 
Tariric Acid, 8. 

Tariric Acid Series, 8. 

Telpairk^ Acid, 8, 255. 

Theory, of salting-out of soaps, 113; of washing, 157; of emulsification, 157 
Therapic A('id, 8 
Tiglic Acid, 7, 254 

Time, as factor in productipn of (rolloid systems, 198. 

Tissues, 205 
Toluene, 61, 63 
Transparent Soaps, 186. 

Triacetin, 61, 63 

Triatomic Alcohols, 52, 59, 256. 

Trimethyleneglycol, 50, 58, 59, 256. 

Turgor, 244. 

Turpentine, 61, 63 
Twitchell Process, 5 

V 

Valeric Acid, 7, 253. 

Variables in soap vat, 4. 

Viscosity, of mixed systems, 115. 



272 


SUBJECT INDEX 
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Washing Properties, of soaps, 136, 157. 

W ATER- ATTRACTING PoWER, of SaltS, 110, 111. 
Water Dissolved in X, 81. 
Water/Egg-globulin Systems, 209. 
Water/Gelatin Systems, 218. 

Water-glass, 185, as soap filler, 185. 

Water in Soap. 69 
Water Loss, by soaps, 189 
Waxes, used in soap making, 164. 

Wheat Gluten, 218. 


‘ X 

X Dissolved in Water, 81. 

Xylene, 61, 63 






















